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4930.2 


FOREWORD 


The matter of sufficient supplies of energy for the United States is 
one of our greatest concerns. The diminishing supply of conventional 
energy resources has made the development of new energy sources 
imperative. In response to these problems, the Department of Housing 
and Urban Development has initiated its first Intermediate Minimum 
Property Standards for Solar Heating and Domestic Hot Water Systems. 
As new technology is developed this standard will be updated and 
improved to include the most recent reliable information available. 





4 sjstant Secretarg’ for Housing- 
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PREFACE ica 


The ‘Minimum Property Standards for One- and Two-Family Dwellings" 
4900.1 [1], the "Minimum Property Standards for Multifamily Housing" 
4910.1 [1], and the ‘Minimum Property Standards for Care-Type Housing” 
4920.1 [1] were developed to provide a sound technical basis for the 
planning and design of housing under numerous programs of the Department 
of Housing and Urban Development (HUD). These “Intermediate Minimum 
Property Standards for Solar Heating and Domestic Hot Water Systems" 

are intended to provide a companion technical basis for the planning 
and design of solar heating and domestic hot water systems, 


These standards have been prepared as a supplement to the Minimum 
Property Standards (MPS) and deal only with aspects of planning and 
design that are different from conventional housing by reason of the 
solar systems under consideration, To the greatest extent possible, 
they are based on current state-of-the-art practice and on nationally 
recognized standards including the MPS and the HUD "Interim Performance 
Criteria for Solar Heating and Combined Heating/Cooling Systems and 
Dwelling”. 


This document contains requirements and standards applicable to one and 
two family dwellings, multifamily housing, and nursing homes and inter- 
mediate care facilities: references made in the text to the MPS 

refer to the same section in the "Minimum Property Standards for One- 
and Two-Family Dwellings" 4900.1, the "Minimum Property Standards for 
Multifamily Housing’ 4910.1 and the "Minimum Property Standards for 
Care-Type Housing’ 4920.1 unless otherwise noted. 


In general, the Chapters and Divisions in this document are organized 

to parallel the Chapters and Divisions contained in the MPS, Within 
Divisions, however, these standards do not follow the numbering of the 
MPS, but rather list the solar topics sequentially, It has been found 
that this method allows the presentation of these new topics in a manner 
that is clearly related to the MPS and yet is not made cumbersome. Not 
all Chapters or Divisions in the MPS have topics of solar concern: for 
example, there are no such topics in Chapter 2, General Acceptability 
Criteria, nor in Division 512, Furnishings. 


An example will help to illustrate the organization of this document: 


Consider hail loads to be applied to solar collectors, Hail 
loads are not a subject in the MPS, but would be covered in 
Chapter 6, Division 1, General Structural Requirements if 
they were, In these standards they are located in Chapter 6, 
Division 1, Section S-601-7, For comparison. plumbing con- 
struction is covered in Chapter 6, Division 15, Section 615-5 
of the MPS, In these standards it is also located in Chapter 
6, Division 15, but in Section S-615-12, 


{1] The MPS are available to HUD program participants from the HUD 
field offices, For others the MPS are available from the Superin- 
tendent of Documents U.S. Government Printing Office Washington, 
D.C. 20402, 
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MPS MPS Solar Supplement 
Hail Loads none S$-601-7 
Plumbing 615-5 S-615-12 


It has frequently been found useful to include a commentary on a 
particular standard. The commentaries are not mandatory, but are 
intended to give further explanation and guidance to users of the stand- 
ards on topics which may have special consequences in solar installations. 
Several appendices are included which give additional information for 
assistance in use of the standards. Appendix A presents the calcula- 
tion procedures for determining the thermal performance of solar heating 
and domestic hot water systems and Appendix C presents graphic illustra- 
tions of terms used in the standard. 


The format developed for these standards has been structured to convey 
information in a number of categories as follows: 


S - the prefix used in all sections (for solar) to distinguish 
them from existent MPS sections 


30LD FACE TYPE - To PRESENT STANDARDS AND COMMENTARIES APPLICABLE 
TO MULTIFAMILY HOUSING ONLY. 


Conventional type - to present standards applicable to one and 
two family dwellings, multifamily housing and 
care-type housing 


Italics - to present commentaries applicable to one and two family 
dwellings, multifamily housing and care-type housing 
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SI CONVERSION UNITS 


In view of the present accepted practice in this country for building 
technology, common U.S. units of measurement have been used throughout 
this document. In recognition of the position of the United States as 

a signatory to the General Conference of Weights and Measures, which 
gave official status to the metric SI system of units in 1960, assist- 
ance is given to the reader interested in making use of the coherent 
system of SI units by giving conversion factors applicable to U.S. units 
used in this document. 


Length 
1 in = 0,0254 meter (exactly) 
1 ft = 0.3048 meter (exactly) 


Area 
1 in? = 6.45 x 10" meter” 
1 ft? = 0.09290 meter 


Volume as 3 
1 in3 = 1.639 x 10 meter ia, 3 
1 gal (U.S. liquid) = 3.785 x 10 ~ meter 


Mass -2 
1 ounce-mass (avoirdupois) = 2.834 x 10°“ kilogram 
1 pound-mass (avoirdupois) = 0.4536 kilogram 


Pressure or Stress (Force/Area) 3 
1 inch of mercury §60 F) = 3.377 x 10” pascal 
1 pound-force/inch* (psi) = 6.895 x 103 pascal 


Energy 
1 foot-pound-force (ft-lbf) = 1.356 joulg 
1 Btu (International Table) = 1.055 x 10~ joule 
Power 7 
1 watt = 1 x 10° erg/second 
1 Beu/h = 0,2929 watt 


Temperature 
to." 5/9 (t Fr 32) 


Heat 
1 (Btusin) /(h- £t?+F) . 1.443 x 107 = W/(m-K) (thermal conductivity) 
1 (Btu/(lbm-F) + 4.184 x 10> = J/(kg-K) (specific heat) 
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CHAPTER 1 
General Use 
APPLICATION 


These ‘Intermediate Minimum Property Standards for Solar 
Heating and Domestic Hot Water Systems’ are a supplement 
to and shall be used in conjunction with MPS 4900.1, 
‘Minimum Property Standards for One- and Two-Family 
Dwellings", MPS 4910.1, ‘Minimum Property Standards for 
Multifamily Housing , and MPS 4920.1. “Minimum Property 
Standards for Care-Type Housing’. Furthermore, the solar 
components must provide for the collection of solar 
energy, conversion of the solar energy to thermal energy. 
and distribution, storage and control of the thermal 
energy so obtained. Insofar as applicable, these 
Standards apply to active and passive solar enereyv 
systems that utilize buildine elements, mechanical sub- 
systems or combinations thereof, 


Commentary: MPS 4909.1, MPS 4910.1 and “PS 4920.1 are 
available from HUD offices. and are sold by the Super- 
tntendent of Documents, U.S. Government Printing Office 
(GPO), Washington, D.C. 20492, 


VARIATIONS TO STANDARDS 
NEW MATERIALS AND TECHNOLOGIES 


These standards are intended to encourage the use of new 
or innovative designs, technologies, methods or materials 
in solar applications. These features include designs. 
methods of construction, systems. subsystems, components. 
materials and processes which do not comply with the MPS 
and this document, and whose acceptance cannot be deter- 
mined by other provisions of these standards. Alterna- 
tives, nonconventional or innovative designs, methods, 
and materials shall demonstrate, however, equivalent 
quality to these standards in operatine effectiveness. 
structural soundness, durability, economy of maintenance 
or operation, and usability. Variations shall be made in 
accordance with Section 101-4 of the MPS. 


Commentary: One basis for design, fabrication. construc- 

tion, and acceptance of new and innovative solar systems, 

subsystems, components, materials. and processes is the 
"Interim Performance Criteria for Solar Heating and Com. 

bined Heating/Cooling Systems and Dwellings, January. 

reife available from GPO, Stock No. 003-003-01388. price: 
1.90, 





4930.2 


$-102 


PRODUCT AND DESIGN MODIFICATIONS 


Variations from approved designs shall be submitted to 
HUD for review in accordance with Section 101-1 of the 
MPS. 


Commentary: It is recognized that product or design 


may occur. These changee may affect the per- 
formance of the system or its components. 
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CHAPTER 3 
SITE DESIGN 
GENERAL 


The provisions of this chapter are applicable to solar 
energy systems including heating (H) and domestic hot 
water (DHW) systems. This chapter is a supplement to 
the Minimum Property Standards (MPS) Chapter 3. 


PROPOSED SITE 
SITE SURROUNDINGS 


Solar buildings and solar system components shall be 
located and designed in such a manner as to harmonize 
with the surrounding community. 


Commentary: Solar system components may include elements 
which are large and visually dominant when viewed from 
off-site. If not carefully designed and located, such 
elements can produce a detrimental effect on the overall 
quality of a residential area. 


LAND USE 
SOLAR EQUIPMENT LOCATION AND ARRANGEMENT 


Solar buildings and site located solar equipment shall 
be arranged and located to relate well to: 


a. The natural topography. 


Commentary: The location of the solar collector should 
be planned to Grord. poanate where frost can collect or 
unprotected ridges where winds can be mre extreme in 
order to avoid heat losses due to low temperatures and 
high winds. 


b. The climate. 


Commentary: The location of the solar collector should 
be planned to take into account prevailing winds in order 
to avoid excessive heat losses due to wind and to drift- 
tng snow which impair the collection of solar energy. 

For specific requirements on tilt and orientation see 
S-€15-2.1.2 and C-8, C-9 in Appendiz. 
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c. Attractive on-site and off-site views. 


Commentary: Components of the solar system may be Large 
and could block attractive views from the building. 


d. Existing and proposed site elements such as vegeta- 
tion, fences, landforms and buildings. 


Commentary: Proper relationship of a solar collector 

to site elements can minimize the shading of the collector 
and reduce air flow over the collector, Location of the 
solar building in the northern portion of the site can 
help to minimize the possibility of shading solar 
collector surfaces by future off-site development. 


e. Existing and proposed pedestrian and vehicular cir- 
culation systems. 


Commentary: Proper location of solar equipment in rela- 
aes a pedestrian circulation may reduce tampering and 
lism. 


f. Existing and proposed surrounding buildings and 
facilities, 


Commentary: The location and orientation of the solar 
collector should consider physical and chemical airborne 
waste from nearby facilities such as incinerators and 
factories which might have an inpact on the efficienty 
of the solar collector. (See S-515-1.5) 


SITE HAZARDS 


Special considerations must be given to assure that 
elements of the solar system do not create unnecessary 
safety hazards to users, 


Commentary: Hazards which require special attention 
include the reflection of sunlight which creates visual 
distraction, the projection of sharp edges which influ- 
ence the movement of people near free-standing collectors, 
and the proximity of solar components to recognized 
architectural hazards such as exterior overhangs, stairs, 
rams, landings. doore. etc. 
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$-304 


$-304-1 


S-304-2 


$-304-3 


S-309 
S-309-1 
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LOTS, YARDS AND BUILDING SETBACK DISTANCE 
PROJECTION INTO YARD AREA 


The projection of solar collectors into yards shall 
conform to those restrictions placed on open balconies, 
bay windows and uncovered porches in Section 304-2 of 
the MPS. 


USABLE OUTDOOR AREA 


Components of the solar system shall not impinge on the 
requirements of Section 304-3 of the MPS, 


Commentary: Reasonable outdoor open space must be main- 
tained for livability, service, emergency access isola- 
tion of fire and protection of adjacent property. 


SNOW AND ICE 


In areas which have a snow load of 20 pounds per square 
foot or greater required by local codes. provisions shall 
be made over entrances and locations of pedestrian and 
vehicular ways to restrain or deflect sliding snow and 
ice masses which may slide off elevated solar system 
components 


Commentary: Solar system components may often include 
smooth slippery surfaces located in elevated positions 

at steep angles. These elements mary heat up rapidly and 
loosen masses of snow or ice which may slide-off. Means 
should be provided to prevent a hazard to people or 
property. Methods such as deflectors” restraints low 
friction materials or design of "safe fall” areas 
(pedestrian or vehicular ways spaced avay from the build- 
ing) should be considered. 


SERVICES 

MAINTENANCE 

Solar energy components located on the site shall be 
accessible for cleaning, adjusting, servicing, examina- 


tion, replacement or repair without trespassing on adjoin- 
ing property. 
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Commentary: Components should not be located unnecessarily 
under buildings or roads or in other places which are 
difficult to reach. Storage tanks in particular are 

large and may need periodic replacement or inspection. 


SOLAR COLLECTORS ON ROOFS OVER 3 STORIES MUST HAVE ACCESS 
PROVIDED FOR CLEANING AND MAINTENANCE. 


CommENTARY: THE USE OF PORTABLE LADDERS IS NOT CONSIDERED 
TO BE ADEQUATE UNDER THESE CIRCUMSTANCES, 


$-311 DRAINAGE 
$-311-7 GUTTERS AND DOWNSPOUTS 
S-311-7.1 Gutters or other means of controlling runoff shall be 


provided on solar collectors when the soil is of such a 
nature that excessive erosion or expansion may occur as 
a result of increased runoff. 


$-311-7.2 In addition to method of disposal of 311-7.1 of the MPS, 
downspouts may be discharged into an acceptable non- 
potable water storage tank if it is part of the solar 
system. 


Commentary: Current MPS requires that the water from 

a dawnspout empty into available storm sever or ona 
splash block. When downspouts are used as part of a 
solar system, it is acceptable for them to empty into a 
storage tank provided consideration has been given the 
quality of the water and its effect on the solar system. 
(See S-515-2.3) : 


$-312 PLANTING DESIGN 
$-312-3 NEW PLANT MATERIAL 
$-312-3.9 Plant material should be selected and located to prevent 


the unwanted reduction of thermal output of a solar col- 
lector from shading, sap or other by-procducts of plants. 


TABLE OF CONTENTS 
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4930.2 
CHAPTER 4 
BUILDING DESTGN 
GENERAL 


The provisions of this chapter are applicable to solar 
energy svstems including heatine (H) and domestic hot 
water (DHW) systems, This chapter is a supplement to 
the Minimum Property Standards (MPS) Chapter 4. 


SPACE. PLANNING 
PASSIVE SOLAR SYSTEMS 


Where normal building spaces are designed to also be part 
of passive solar enerey collection. storage distribution 
or control, provisions shall be made so that this use 

does not interfere with the intended use of these spaces. 


ACCESS AND CIRCULATION 
GENERAL 


The design and installation of the solar heating and 
domestic hot water systems shall not imnair the normal 
movement of occupants of the buildine or emergency 
personnel. 


COMENTARY: SPECIAL CONSIDERATION SHOULD RE GIVEN TO 
THE EFFECT OF T;JE CONFIGURATION OF ROOF-MOUNTED COLLECTORS 
ON FIRE EXITING, FIRE FIGITING OR EMERGENCY RESCUE, 


SOLAR ENERGY EQUTPMENT 


Solar energy equipment shall be accessible for routine 
maintenance without disassembline any major structural or 
mechanical element, Sufficient space or clearance shall 
be provided based upon solar equipment sizes and poten- 
tial maintenance equipment sizes to permit examination 
replacement, adjusting servicing and/or maintenance. 
See Section S-600-5. 


Commentary: Accessibility for repair and maintenance 
should reflect the expected life of the equipment and the 
frequency of routine maintenance required, An element 
with a shorter maintenance cycle or life expectancy should 
be more accessible than one with a long maintenance cycle 


or life expectancy. 
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S-403 LIGHT AND VENTILATION 
S-403-3 VENTILATION 


When attics or structural spaces are used as part of a 
passive solar system, attic or structural space ventila- 
tion may be omitted if other means are provided to control 
condensation. See Section 403-3 of the MPS, 


S-405 FIRE PROTECTION 
$-405-1 GENERAL 
$-405-1,1 The incorporation of solar svstems into the living unit 


shall not increase the fire hazard or interfere with the 
means of safe egress in the event of a fire, 


S-405-4 FIRE RESISTANCE REQUIREMENTS 


$-405-4,1 Integrated Construction 


The incorporation of solar subsystems shall not reduce 
the fire resistance ratings required by 405-4 of the MPS. 


Commentary: Roof-mounted collectors which are an inte- 
gral part of the roof construction shall not reduce fire 
resistance rating of the roof assembly. 


S-405-4.2 Penetrations 


Penetrations through fire-rated assemblies shall not 
reduce the fire-resistance ratings required by 405-4 of 
the MPS. 


S-405-6 EXITS 


Components of the solar system shall not be located in 
such a way as to interfere with the primary means of 
occupant egress, 


Commentary: The location of solar equipment on a roof 
shall not reduce the usability of that roof for access 
or egress, Solar system components located remote from 
the building but near a means of egress shall not block 
the means of egress if a fire occurs in the solar system 
component. 


S-405~-7 


$-405-12 
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FIRES TOPPING 


Major solar system components that are integral parts of 
assemblies which normally require firestopping shall be 
firestopped on all sides, Firestopping shall be wood 
blocking of minimum 2 inch nominal thickness or of non- 
combustible materials providing equivalent protection. 
Firestopping may be included as an integral part of the 
component where the component as installed provides 
equivalent protection, 


Commentary: It is the intent of the section to prevent 
solar system components from reducing the effectiveness 
of firestopping. For example. in the case where a solar 
collector ts an integral part of a wood framed wall which 
would normally be firestopped between studs. fires toppi 
pi be required in the wall above and below the solar 
collector. 


ROOF COVERINGS 


Installation of solar collectors or system components on 
or as an interral part of the roof shall not reduce the 
fire retardant characteristics of the roof covering below 
the level specified in 405-12 of the MPS, 
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CHA? FER 5 
MATERIALS 
GENERAL 


The provisions in this chapter arc applicable to solar 
energy systems including heating (H), and domestic ‘ot 
water (DUW) systems. This chapter is a supplement to 

the ‘{inimum Property Standards (PS). Materials pro- 
visions (Chapter 5) of the “PS are applicable in addition 
to the items explicitly discussed in this document. 


Commentary: Conditions of potentially deletericus expo- 
cure of materials used tn colar aystems wd particularly 
tn solar collectors vary widely with the Jesign und 
operating characteristics of tie system ad collectom. 
ae performmee of materials in the contert of the over- 
atl normal and no-fla) characteristics of systen a2 
collectors should be considered ae primary factors in 
material selection. 


APPLICABLE STANDARDS 


Except as modified herein, materials, equipment and 
installation shall be in accordance with the standards 

and nationally recognized model codes cited within the 
body of this document, the current applicable editions 

and titles of referenced standards and codes are con- 
tained in Appendix E. State and local codes which deviate 
from nationally recognized codes or standards in order to 
satisfy local conditions may be accepted by HUD if such 
deviations are identified and substantiated with satis- 
factory engineering data. 


EXCEPTIONS AND RE-STATEMENTS 


Exceptions 


Exceptions to the cited standards are included in this 
document where deemed appropriate by HUD. 


Re-statements 


Certain requirements that are already covered in the 
referenced standards are re-stated in this document to 
emphasize the need for implementing these requirements 
in HUD construction. 
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SUITABILITY OF ALTERNATE OR SPECIAL MATERIALS 


Alternate or special materials or products, other than 
those contained herein may be used when found accept- 
able by established HUD procedures and Division 513 of 
the MPS and Section S-101 of this document, 


$-S501 
$-501-1 


$-501-2 


S-501-3 


$-501-3.1 


S-501-4 
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DIVESTION 1 


GENERAL REQUIREMENTS 
GENERAL 


Materials installed shall be of such kind and quality 

as to assure that the solar energy system will provide; 
a) adequate structural strength, b) adequate resistance- 
to weather, moisture, corrosion and fire, c) acceptable 
durability and economy of maintenance and market accept- 
ance. 


LABELING 


Mandatory labeling requirements, where applicable, are 
contained herein for specific materials and products. 


Commentary: Installation, operation and maintenance 
information requirements are specified in S-600-3. 


SAFETY 


Protection of potable water and circulated air 


No material, form of construction, fixture, appurten- 
ance or item of equipment shall be employed that will 
introduce toxic substances, impurities, bacteria or toxic 
chemicals into potable water and air circulation svstems 
in quantities sufficient to cause disease or harmful 
physiological effects. 


Commentary : This situation is of concern not only as it 
pertains to ducts, piping, filters and joints but also 

to storage areas, such as rock beds. In addition, the 
growth of fungus, mold and mildao is possible when 
collectors are applied to a roof surface over the water 
tight membrane. If the collectors are in contact with 
the membrane or held aay from the membrane to allow for 
drainage, the shaded membrane area can support the growth 
of mildew and other fungus in some warm, moist climates. 
Special design considerations should be included to avoid 
this problem in climates where it can occur. 


DOCUMENTATION OF PERFORMANCE 


Documentation of satisfactory long term performance under 
in-use conditions of systems, components, or materials 
may be used to demonstrate compliance with the standards 
listed in this chapter. 
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S-508 
S-508-7 


S-508-7 .3 


DIVISION 8 
DOORS, WINDOWS, GLAZING PANELS 


HARDWARE 


Screening 


Solar control insect screening for windows and doors 
shall provide insect protection equivalent to 16 by 18 
mesh insect screen, 


Commen : There are louvered solar control insect 
screens which have elongated openings. These vary fram 
the traditional omar openings: of screens and are effec- 
tive in limiting tnetdent solar radiation as well as keep- 
ing out insects. 
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DIVISTON 15 


MECHANICAL — SOLAR POWERED EQUIPMENT 
GENERAL PROVISIONS 


Fire Safety 


Assemblies and materials used in the solar systems shall 
comply with the nationally recognized codes for fire 
safety under all anticipated operating and no flow con- 
ditions. 


Effects of External Environment 


The systems for heating (H) and for domestic hot water 
(DHW) and their various subassemblies shall not be affected 
by external environmental factors prevalent at the site 

to an extent that will significantly impair their func- 
tion during their intended design life. 


Temperature and Pressure Resistance 


Components shall be.capable of performing their functions 
for their intended design life when exposed to the maxi- 
mum and minimum temperatures and pressures that can be 
developed in the system. 


Materials Compatibility 


All materials which are joined directly to or in contact 
with other materials shall have sufficient chemical com- 
patibility with those materials to prevent deterioration 
that will significantly impair their function during their 
intended design life. Provisions shall be made to allow 
for differences in the expansion and contraction of joined 
materials due to expected temperature fluctuations. 


Airborne Pollutants 


Materials exposed to airborne pollutants while in service, 
such as ozone, salt spray, sulfur dioxide, oxides of 
nitrogen and/or hydrogen chloride, shall not be affected 
by those pollutants to an extent that will significantly 
impair their function during their intended design life. 
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$-515-1.7 


§-515-1 . 8 


$-515-1.9 


$-515-1.10 


$-515-2 


$-515-2.1 


Chemical Decomposition Products 


Materials shall not be affected by chemical decomposi- 
tion products expelled from components under in-use 
conditions to an extent that will significantly impair 
their function during their intended design life. 


Abrasive Wear 


Exterior materials shall not be affected by abrasive 

wear caused either by cleaning or by natural factors 

such as wind blown sand to an extent that will signifi- 
cantly impair their function during their intended design 
life. 


Soil Corrosion 


Materials installed in corrosive soil shall be either 

of a matertal unaffected by such soil or shall be isolated 
from it by a protective coating. The coating and its 
application shall conform to AWWA C-203. 


Corrosion by Leaciable Substances 


Substances that can be leached by moisture from any of 
the materials within the system which may be exposed to 
moisture shall not cause corrosive deterioration of any 
other materials to an extent that will significantly 
impair their function during their intended design life. 


Leakage 


Leakage from assemblies or subassemblies which contain 
heat transfer fluids shall not significantly impair the 
function of other components which may come in contact 
with the leaking heat transfer fluid or create a safety 
hazard, 


COLLECTORS 


General 


Collectors shall perform their function for their intended 
design life. 


$-515-2.1.1 
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Commentary: In addition to their primary function of 
collecting solar energy, collector panels can be used 

as the roofing membrane. They can also be mounted over 
a roofing membrane or mounted remotely. The primary 
function of a roofing membrane is to prevent the entrance 
of water into the structure. When collector panels are 
designed to fulfill this function, leakage at joints 
must be considered in the design. 


When collectors are mounted over a roofing membrane, 
consideration should be given to the growth of fungus, 
mold, and mildew between the roofing membrane and the 
collector and to potential problems in reroofing wider 
collectors. Also, it is possible, due to extreme tempera- 
ture differentials, to cause the formation of ice dams 
which could in turn back water under shingles or other 
roofing materials, causing rapid deterioration. Consid- 
eration should be given to the methods of applying non- 
integral collectors to roof structures and to the choice 
of waterproofing membrane. 


Labeling and Technical Data Sheets 


Collectors shall be labeled to show the manufacturer's 
name and address, model number, serial number, and 
collector weight (dry). Technical data sheets shall also 
be provided which include collector efficiency as measured 
according to S-615-2.2, maximum allowable operating and 
no-flow temperatures and pressures, minimum allowable 
temperatures, and the types of fluids which can and 

cannot be used, 


Commentary: Other data related to the installation and 
operating conditions or characteristics is desirable such 
as the pressure drop across the collector. 


Thermal Stability 

Collectors shall not exhibit a change in the product of 
Fp ta (intercept) or Fp Uy (slope) that would result in 
a 10% or greater decrease in thermal efficiency for the 


proposed system design operating conditions when evaluated 
in accordance with the following testing procedure. 


Testing Procedure: 


The parameters Fp ta and Fp U, shall be determined in 
accordance with the test procedure described in ASHRAE 
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Standard 93 both before and after exposing the collector 
panel assembly to the Exposure Test described below. 
Both the before and after collector thermal performance 
tests (ASHRAE Standard 93) shall be performed utilizing 
the same test facility under similar climatic conditions. 





Exposure Test: 


A. 


GC. 


Test specimen shall consist of a complete air or 
liquid collector panel assembly. 


Pre-exposure preparation: 


(1) 


(2) 


(3) 


Air collectors shall be sealed and capped with 

a pressure relief device set to a value within 

10% of the collector manufacturer's maximum 
recommended operating pressure. The inlet 

shall be equipped with a check valve and desic- 
cant to allow the admission of dry air if internal 
pressures of less than one (1) atmosphere 

occur. 


Liquid collectors intended for use in all systems 
(with or without draindown) shall be completely 
filled with clean tap water, following which the 
inlet shall be sealed and the outlet provided 
with a pressure relief valve set to a value of 
within 10% of the manufacturer's recommended 
maximum operating pressure. 


Liquid Collectors limited to use in systems that 


draindown when not operating shall be completely 
filled with clean tap water, following which the 


water shall be allowed to gravity drain for 15 
minutes with the collector mounted at a 45° tilt 
angle. The collector inlet shall then be sealed 
and the outlet provided with a pressure relief 
valve set to a value of within 10% of the manufac- 
turer's recommended operating pressure. 


Exposure conditions 


Exposure conditions shall consist of 30 days cumu- 
lative exposure to a minimum daily incident solar 
radiation flux of 1500 Btu/(ft“-day) as measured in 
the plane of the collector aperture. The exposure 
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conditions shall include at least one consecutive 
four-hour period with a minimum flux of 300 Btu/(ft?+h) 
In water filled specimens, this must occur after 

water boilout has occurred, The average ambient 
temperature shall be 80 F or higher during the 300 
Btu/(ft2+h) exposure time, The collector shall be 
mounted to a rack at a tilt angle such that the 
incident solar radiation during solar noon is with- 

in + 10° of the normal to the plane of the aperture, 


D. Data records 


(1) The exposure conditions including insolation, 
ambient temperature, wind velocity, and pre- 
cipitation shall be recorded to enable deter- 
mination of the average daily values, Values 
shall be regorded every 30 minutes during the 
300 Btu/(ft“*h) exposure. 


(2) A regularly scheduled weekly visual inspection 
shall be made and a record of changes in the 
physical construction or appearance of the col~ 
lector kept. 


(3) The results of the pre-test and post-test 
thermal performance shall be plotted on the 
same graph for comparison purposes, 


Commentary: The purpose of the "no-flow" test is to 
identify’ in a short period of time, potential problems 
with collector materials or construction, The 30 days 
do not necessarily have to be consecutive but the test 
should be performed on a continuous basis until the solar 
radiation levels have been achieved for 30 cumulative 
days, It is recognized that other heat transfer fluid 
materials exist which may be preferred by the manufac- 
turer or designer, If the test is conducted in a manner 
other than that prescribed, the collector specification 
shall state the specific conditions used during the 

test and identify the pertinent limitations regarding 
collector array installation and operation. The test 
procedure is based upon draft versions of a test method 
tn preparation by ASTM and will be superseded by a con- 
sensus teat method as soon as possible, 


Outgassing of Materials 
Outgassing products or condensates on the cover plate 
surfaces shall not contribute to a decrease in thermal 


performance greater than that specified after exposure 
as described in S-515-2,1,2, 
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Commentary: Outgassing from components inside the col- 
lector could lead to condensation on the underside of 
the collector cover plate(s) which may reduce the 
transmittance of the cover plate(s), 


S-515-2.1.4 Flashing 


a. Flashing for collector panel supports that penetrate 
the primary roof membrane shall be designed to pre- 
vent the penetration of water or melting snow for 
the life of the roof system, 


b. Flashing systems shall be designed to permit minor 
repairs without disturbing the roof membrane, collector 
supports, or collector panels, 


c. In general, flashing for roof penetrations shall 
comply with applicable Sections of 507-5 and 507-8 
of the MPS, 


Commentary: Suggested practices for flashing used on 
no-slope or low slope roofs and roof penetrations are 
provided in the National Roofing Contractors Association's 
"A Manual of Roofing Practice", 1970. 


$-515-2.2 Cover Plates 
§-515-2.2.1 General 


The materials used as glazing for cover plates must meet 
the following requirements based on materials properties 
as well as safety considerations, The safety require- 
ments are made with respect to the physical location of 
the glazing and the exposure risk of persons nearby, 


Commentary: Appendix table B-1 lists properties of a 
number of materials that have been used for cover plates, 


S-515-2.2.1.1 Structural Requirements 
All glazing materials shall be of adequate strength and 
durability to withstand the loads and forces required by 
Section S-601 of this document, 

§-515-2,2,1,2 Types of Applications 
Applications include windows which act as cover plates 


for solar collectors, both integral with dwelling con- 
struction and as freestanding components, 
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a, Glazing materials other than those specified in b or 
c below, shall meet the intent of the requirements for 
glazing in MPS Section 508-8,3, 


Commentary: Consumer Product Safety Act, Part 1201, 


was published in the Federal Register January 6, 1977 
and will become effective on Tay 6, 1977 (except 
for fire retardant glazing required by ordinance for 
which the effective date is January 6, 1980). This 
standard contains mandatory safety standards for 
architectural glazing materials, 


Film-type glazing materials for the outermost cover 
plate, tf unsupported, may be unnacceptable if they 
can be deflected wider load, e.g., a person's hand 
pushing against the glazing, may present an oppor- 
tunity for exposure of the film (and the person's 
hand) to hot surfaces such as the absorber plate, 
Also, there is a probability of exposure to impact 
which may result in tearing of the film. 


b. Glazing materials with slopes less than 45° which 
extend below 6' 0" (from ground level) shall be 
safety glazed or otherwise protected against impact 
of falling bodies, 


Commentary: This commonly refers to glazing on which 
children may climb or against which a passerby may 
fall. 


c. Glazing panels which are an integral part of a roof 
or rack-mounted system on a roof, not routinely 
accessible by the occupant, shall meet the require- 
ments of Section S-601. 


Commentary: Annealed glass or filma may be accept- 
able. 


$-515-2.2,.2 Codes and Standards 


Materials used as glazing for cover plates shall comply 
with MPS Section 508, Section S-601 of this document and 
applicable sections of local building codes and national 
standards, 
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$-515-2.2.3:1 


$-515-2.2.3.2 


Materials Performance 
Thermal Stability 


After testing as described in S-515-2.1.2, there shall 
be no cracking, crazing, warping, sagging, or buckling 
of the cover plate(s) that will result in premature 
failure or degradation in collector performance greater 
than the design limits. 


Ultraviolet Stability 


Documentation shall be provided that the cover plate(s) 
is resistant to degradation by UV radiation that would 
significantly impair its function during its design life. 
In lieu of other documentation, the transmittance of the 
cover plate(s) as measured by ASTM E£ 424-71 shall not 
significantly change after exposure using any one of the 
three aging procedures described below. The computation 
of solar transmittance based on the spectrophotometric 
method in E 424 shall be standardized on air mass 2. 


For collectors with multiple covers, the tests below 
shall be performed with the cover plates in their design 
configuration. 


Aging Procedure 1 


Expose components or materials to simulated solar radia- 
tion (such as xenon arc radiation) for a period of 2000 
equivalent sun hours. The exterior surfaces of components 
which are exposed to rainfall in service shall be sub- 
jected to a water spray for a period of 5 minutes during 
each 60 minutes of the light exposure. For components 

not exposed to rainfall under normal operating conditions, 
the water spray shall not be included in the procedure. 


Aging Procedure 2 


Expose components or materials to concentrated natural 
solar radiation using machines such as those referenced 

in ANSI Z297.1-1975, paragraph 4.3.2 for a period of 2000 
equivalent sun hours. The exterior surfaces of components 
which are exposed to rainfall in service shall be sub- 
jected to a water spray for a period of 8 minutes during 
each 60 minutes of sunlight exposure. For components 

not exposed to rainfall under normal operating conditions, 
the water spray shall not be included in the procedure. 
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Aging Procedure 3 


Expose components and materials to solar radiation out- 
doors for twelve months. The average daily flux of the 
solar radiation, as obtained by averaging the daily fluxes 
over the twelve month period of outdoor exposure, shall be 
at least 1,500 Btu/ft2. 





S-515-2.2.3.3 Glass 


Where safety glazing is used, it shall meet the require- 
ments of MPS, Section 508, and as specified in S-515-2.2.1.2 
of this document, 


Commentary: Appendix Table B-1 contains solar trans- 
mittance data and recommended maximun operating tempera- 
ture for a number of types of cover plate materials. 


S-515-2.2.3.4 Other Materials 


Cover plate materials other than glass shall conform to 
the requirements of MPS, Section 513 and the intent of 
$-515-2.2.3.3. 


Commentary: A tx Table B-1 lists a number of 
materials that been used for cover plates. 


S-515-2.3 Absorber Plate 
$-515-2.3.1 General 


Materials used for absorber plates shall not degrade to 
an extent that collector performance would be reduced 
below allowable design limits. 


$-515-2.3.2 Materials Performance 
S-515-2.3.2.1 Thermal Stability 


Any deformation that occurs in the test described in 
S-515-2.1.2 shall not result in premature failure or 
degradation in collector performance greater than the 
design limits. 


Commentary: In addition to buckling, sagging, and warp- 
ing that can be produced in the thermal stability test, 
consideration should be given to the possibility that 
repeated boilout cycles can lead to deformation or rup- 
ture of the absorber plate. 
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$-515-2.3.2.2 Erosion/Corrosion 


Flow rates shall be maintained below the values listed 
in Tables S-515-2.3.2 and 2.3.3 to prevent erosive wear. 


Commentary: The variables which have an important impact 

on the rate of eroston/corroston are: 

1) the quanti ty and size distribution of solids in sus- 
pension 

2) the flow rate 

3) the pipe diameter 

4) the oxygen content of the fluid 

5) the angle of the change of flo direction 

6) the internal surface condition of the pipe 

7) the temperature 

8) partial obstruction in flow passages which create 
localized areas of highly turbulent fluid flow 


$-515-2,3.2.3 Compatibility with Transfer Medium 


a. The absorber plate or flow conduits shall not be 
pitted, corroded, or otherwise degraded by the heat 
transfer medium to an extent that will result in 
failure during its design life. In lieu of other 
documentation for metals, modifications of tests 
listed in Table S-515-2.3.1 shall be used to demon- 
strate compliance with this requirement. For 
materials other than metals, documentation shall be 
provided to demonstrate compliance with S-515-1.4 
and this requirement. 


Commentary: Two types of heat transfer liquid, 
aqueous and non-aqueous, may be used in the collector 
system. Generally, corrosion is associated with 
opace transfer media. However, corrosion could 
also occur in non-aqueous media wider one or more of 
the following conditions: 
1) tf the ltquid is initially agressive to the 
containment material 
2) tf liquid decomposition generates corrosive 
products 
3) tf water is initially present in the liquid 
or contaminates the liquid once in use. 
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Metallic absorber plates or flow conduits in direct 
contact with heat transfer liquids in open systems 
shall generally be used in accordance with the accept- 
able conditions listed in Table S-515-2.3.2 where 
applicable. Generally unacceptable conditions listed 
in this table shall be avoided. Documentation shall 
be provided to demonstrate that materials applications 
not explicitly covered in Table S-515-2.3.3 meet the 
intent of S-515-1.4 and S-515-2.3.2.3a. 


Commentary: Tables S-515-2.3.2 and S-515-2.3.3 are 
intended to provide general guidelines for the selec- 
tion of metals or alloys for use in solar collectors. 
Various alloys of the same base metal may be expected 
to show significant variability in resistance to cor- 
roston. Small concentration changes in a number of 
chemical spectes may significantly change the cor- 
rosion behavior of a given material at a given tempera- 
ture. A complete description of this behavior is not 
possible in this context. Therefore, generally 
unacceptable use conditions as stated should be avoided 
unless tt has been demonstrated that the metal or alloy 
performs suitably in the anticipated use condition. 
Adequate performance is anticipated for normal opera- 
tion in generally acceptable use conditions. 


The stated generally acceptable use conditions are 
directed toward normal operation. Under the conditions 
of stagnation, where high temperatures may be encowmtered, 
different behavior may occur. It is recommended that 
spectfie tests be carried out to ensure adequate mater- 
tals performance in these conditions. 


SAE Report J447a (1964), "Prevention of Corrosion of 
Metals", provides guidance in preventing corrosion in 
aqueous media, but its application should be tempered 
by consideration of the special operating characteris- 
ties of solar collectors, e.g., no-flow temperature 
effects. 
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Table S-515-2.3.1: Corrosion Test Methods 1/ 


Number Title Comment 
ee ele ee ee ee ee ee 
NACE TM-01-71 Autoclave Corrosion Testing Modify to reflect 

of Metals in High Temperature conditions present 
Water in solar system 
NACE TM-02-74 Dynamic Corrosion Testing of Modify to reflect 
Metals in High Temperature conditions present 
Water in solar system 
NACE TM-02-70 Conducting Controlled Velocity Modify to reflect 
Laboratory Corrosion Tests conditions present 


in solar system 


NACE TM-01-69 (1972) Laboratory Corrosion Testing Describes factors 
of Metals for the Process to consider in 
Industries corrosion testing 

ASTM D1384-70 (1975) Corrosion Test for Engine Modify to reflect 
Antifreeze in Glassware conditions present 


in solar system 


ASTM D2570-73 Simulated Corrosion Testing Modify to reflect 
of Engine Coolants conditions present 
in solar system 


ASTM D2776-72 Corrosivity of Water in the 
Absence of Heat Transfer ERR ene nn eyes eee 





1/ Modification of test procedures developed for purposes 
other than collector material testing shall adequately 
reflect all expected collector conditions including 
no-flow conditions. 


Commentary: Open and Closed Systems 
Open systems are those in which air, in addition to 
that initially in the transfer liquid, can be absorbed 


into the liquid by contact with the atmosphere or air 
entrapped in the system. 
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Closed systems are those in which the air initially 
absorbed in the transfer liquid is not replaced to 
a significant extent. In a closed system, there is 
no exposure of the Liquid to the atmosphere except 
above the liquid in the expansion tank (in some cases 
a nitrogen b et above the liquid in the expansion 
tank may be used); there is no entrapped air in the 
piping or — systems and the expansion tank is 
tsolated from flow path between the collector 
and storage. In addition, liquid leakage requir- 
tng frequent make up is avoided. 


Generally Acceptable and Unacceptable Use Conditions 





for Metals in Direct Contact with Heat Transfer 


Liquids in Open Systems 


Generally Unacceptable Use Conditions 


Generally Acceptable Use 


Conditions 1/ 





3. 


Alumi num 


When in direct contact with 1. 
untreated tap water with 
pH <5 or >9. 


When in direct contact with 2. 
aqueous liquid containing less 

electro positive metal ions 

such as copper or iron or 

halide ions. 


When specific data regarding 3. 
the behavior of a particular 

alloy are not available, the 

velocity of aqueous liquid 

shall not exceed 4 ft/sec. 


When in direct contact with a 


liquid which is in contact with 
corrosive fluxes. 
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When in direct contact with 
distilled or deionized 
water which contains appro- 
priate inhibitors and does 
not contact copper or iron. 


When in direct contact with 
distilled or deionized water 
which contains appropriate 
inhibitors and a means of 
removing heavy metal ions 
obtained from contact with 
copper or iron, 


When in direct contact with 
Stable anhydrous organic 
liquids. 
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TABLE S-515-2.3.2 (Contd.) 


Generally Unacceptable Use Conditions Generally Acceptable Use 





3. 


Rs 


ee er rere 


Conditions 1/ 





Copper 
When in direct contact with 1, When in direct contact with 
aqueous liquid containing high distilled, deionized or low 
concentrations of chlorides, chloride, low sulfate and low 
sulfates or liquid which contains sulfide tap water. 
hydrogen sulfide, 
When in direct contact with 2. When in direct contact with 
chemicals that can form copper stable anhydrous organic 
complexes such as ammonium liquids, 


compounds . 


When in direct contact with 
an aqueous liquid having a 
velocity greater than 4 ft/sec,2/ 


When in direct contact with a 
liquid which is in contact with 
corrosive fluxes, 


When in contact with an aqueous 
liquid with a pH lower than 5, 


When the copper surface is 
initially locally covered with 

a copper oxide film or a carbon- 
asceous film, 


When operating under conditions 
conductive to water line corrosion, 





ee a ee ee ee ee errr er reer eee 


Steel 
When in direct contact with 1, When in direct contact with 
untreated tap, distilled or distilled, deionized or low 
deionized water with salt content water which 
pH <5 or >12., contains appropriate cor- 

rosion inhibitors. 

When in direct contact with a 2. When in direct contact with 
liquid which is in contact with stable anhydrous organic 
corrosive fluxes, liquids, 


5-20 


4930.2 


TABLE S-515-2.3.2 (Contd.) 


Generally Unacceptable Use “snditions 


Generally Acceptable Use 
Conditions 1/ 





Steel (contd.) 


3. When in direct contact with an 
aqueous liquid having a velocity 
greater than 6 ft/sec.2/ 


4. When operating under conditions 


conducive to water line corrosion. 


3. 


When adequate cathodic pro- 
tection of the steel is used 
(practical only for storage 
tanks). 


Stainless Steel 


1. When the grade of stainless 
steel selected is not corrosion 
resistant in the anticipated 
heat transfer liquid. 


2. When in direct contact with a 
liquid which is in contact with 
corrosive fluxes, 


Le 


Ze 


When the grade of stainless 
steel selected is resistant 

to pitting, crevice corrosion, 
intergranular attack and 
stress corrosion cracking in 
the anticipated use conditions. 


When in direct contact with 
stable anhydrous organic liquids. 
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Galvanized Steel 


1. When in direct contact with 
aqueous liquid contcining 
copper ions. 


2. When in direct contact with 
aqueous liquid with 
pH <7 or >12. 


3. When in direct contact with 


aqueous liquid with a tempera- 
ture >55 C. 
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1. 


When adequate cathodic pro- 
tection of the galvanized 
parts is used (practical 
only for storage tanks). 


When in contact with stable 
anhydrous organic liquids. 





4930.2 
TABLE S-515-2,3,2 (Contd,) 


Generally Unacceptable Use Conditions Generally Acceptable Use 
Conditions 1/ 





Brass and Other Copper Alloys 


Binary copper-zinc brass alloys (CDA 2XXX series) exhibit generally 
the same behavior as copper when exposed to the same conditions. 
However, the brass selected shall resist dezincification in the 
operating conditions anticipated, At zinc contents of 15% and 
greater, these alloys become increasingly susceptible to stress 
corrosion. Selection of brass with a zinc content below 15% is 
advised, There are a variety of other copper alloys available, 
notably copper-nickel alloys, which have been developed to provide 
improved corrosion performance in aqueous environments. 





1/ 

The use of suitable antifreeze agents and buffers is acceptable provided 
they do not promote corrosion of the metallic liquid containment system, 
The use of suitable corrosion inhibitors for specific metals is acceptable 
provided they do not promote corrosion of other metals present in the 
system. If thermal or chemical degradation of these compounds occurs, the 
degradation products shall not promote corrosion. 


2/ 

The flow rates at which erosion/corrosion becomes significant will vary 
with the conditions of operation, Accordingly, the value listed is 
approximate, 
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TABLE S-515-2.3.3 Generally Acceptable and Unacceptable Use Conditions 


for Metals in Direct Contact with Heat Transfer 
—— eect vontact with heat iransfer 


Liquids in Closed Systems 


Generally Unacceptable Use Conditions Generally Acceptable Use 
Conditions 1/ 


es 


Aluminum 

1. When in direct contact with 1. When in direct contact with 
untreated tap water with distilled or deionized water 
pH <5 or >9. which contains appropriate 

corrosion inhibitors. 

2. When in direct contact with 2. When in direct contact with 
liquid containing copper, iron Stable anhydrous organic 
or halide ions. liquids. 


3. When specified data regarding the 
behavior of a particular alloy are 
not available, the velocity of 
aqueous liquids shall not exceed 





4 ft/sec. 
Copper 

1. When in direct contact with an 1. When in direct contact with 
aqueous liquid have a velocity untreated tap, distilled or 
greater than 4 ft/sec. 2/ deionized water. 

2. When in contact with chemicals 2. When in direct contact with 
that can form copper complexes stable anhydrous organic 
such as ammonium compounds. liquids. 


3. When in direct contact with 
aqueous liquids which do 
not form complexes with copper. 
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TABLE S-515-2.3,3 (Contd,) 


Generally Unacceptable Use Conditions 





Steel 


1, When in direct contact with » 
liquid having a velocity greater 
than 6 ft/sec,2/ 


2. When in direct contact with 25 
untreated tap, distilled or 
deionized water with 


Generally Acceptable Use 
Conditions 1/ 





When in direct contact with 
untreated tap, distilled or 
deionized water, 


When in direct contact with 
stable anhydrous organic 
liquids, 


When in direct contact with 
aqueous liquids of 5< pH <12. 


pH <5 or >12, 
3. 
Stainless Steel 
1. When the grade of stainless steel l, 


selected is not corrosion resist- 
ant in the anticipated heat trans- 
fer liquid, 


2. When in direct contact with a 26 
liquid which is in contact with 
corrosive fluxes, 





3 eer em we er ee 


Galvanized Steel 


1, When in direct contact with s 
water with pH <7 or >12, 


2. When in direct contact with an 


aqueous liquid with a temperature 
>55 C, 


s 5-24 


When the grade of stainless 
steel ‘selected is resistant 

to pitting, crevice corrosion, 
intergranular attack and 

stress corrosion cracking in 
the anticipated use conditions, 


When in direct contact with 
stable anhydrous organic 
liquids, 


ewe we ae ee we ee eee 


When in contact with water 
of pH >7 but <12, 


4930.2 
TABLE S-515-2.3.3 (Contd.) 


Generally Unacceptable Use Conditions Generally Acceptable Use 
Conditions 1/ 





Brass and Other Copper Alloys 


Binary copper-zinc brass alloys (CDA 2XXX series) exhibit generally 
the same behavior as copper when exposed to the same conditions. 
However, the brass selected shall resist dezincification in the 
operating conditions anticipated. At zinc contents of 15% and 
greater, these alloys become increasingly susceptible to stress 
corrosion. Selection of brass with a zinc content below 15% is 
advised. There are a variety of other copper alloys available, 
notably copper-nickel alloys, which have been developed to provide 
improved corrosion performance in aqueous environments. 





1/ 

The use of suitable antifreeze agents and buffers is acceptable provided 
they do not promote corrosion of the metallic liquid containment system. 
The use of suitable corrosion inhibitors for specific metals is accept- 
able provided they do not promote corrosion of other metals present in 

the system. If thermal or chemical degradation of these compounds occurs, 
the degradation products shall not promote corrosion. 


2/ 

The flow rates at which erosion/corrosion becomes significant will vary 
with the conditions of operation. Accordingly, the value listed is 
approximate. 
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Commentary: Corrosion 


Corrosion is a very complex phenomenon in which many 
parameters are of importance. In the case of the cor- 
rosion of metals likely to be used in the liquid contain- 
ment system, parameters of importance are: 
- the composition of the metals or alloys 
- the composition of the water, i.e. the concentration 
of salts and dissolved gases and heavy metal tons 
- temperati:r< 
- tke flow rate and the possibility of erosion-corrosion 
- system design factors, particularly the presence of 
galvanic cells or differential aeration cells 
- the presence of additives or their decomposition pro- 
ducts, 
Galvanic cells result from contact between dissimilar 
metals whtle differential aeration cells are areas where 
a metal is in contact with the liquid which has a variable 
dissolved oxygen content. 


1. Water Composition 


Water composition has an important effect on corrosion. 
The composition of tap water varies substantially from 
one geographic area to anotier. Even within a given area, 
water composition will vary depending on its source 
(surface vs. well water) and the time of year. The major 
variables include: pH, gas content (02, C02), chloride 
content, sulfate content, solids content (organic matter), 
and tivity. Because of variation in water, similar 
variations in the type and severity of corrosion may be 
expected. 


la. pH 


The pil of the transfer liquid will have an important 
impact on corrosion rates. However, the optimun pi 
to achieve minimum corrosion of a given material 

will change with temperature [1]. Because varying 
temperatures occur within a solar heating system 

the temperature at a given point will change 
with time care must be taken to optimize the pH 
range. It should be noted that the pi of a system 
immediately after filling is not necessarily the 
equilibrium pH. 





[2] 8.M. Diamant, "The Prevention of Corrosion", 
Business Booke Ltd., London, 1971. 
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1b. 0, 
Generally, corrosion of metals such as Cu and carbon 
steel will decrease with a decreasing amount of 0 

tn aqueous media. In the absence of 0o, measurable 
corrosion of Cu and steel does not occur. Ina 

closed system, where 0, will be depleted, the corrosion 
rate will become negligible. Corrosion inhibitors 
should not be necessary in a completely closed con- 
tainment system composed of Cu or steel, if the 

proper pii ts maintained. However, the probability 

of a closed system remaining closed is uncertain 

since the eventual intrusion of oxygen cannot be 
discounted. Therefore, the use of corrosion inhibi- 
tors or oxygen scavengers should be considered. 


Content of Aqueous Media 


Oxidizing species such as dissolved oxygen act to 
stabilize the passivity of the protective film 

on stainless steel. When stainless steel is used 

in the absence of such species, it may be necessary 
to spect fy a grade which will provide adequate 
resistance to corrosion attack under these conditions. 


The corrosion of Al may continue even in the absence 
of oxygen since an alternative corrosion process 
can occur, In this process, anodic dissolution of 
Al is accompanied by the evolution of molecular 
hydrogen. However, this reaction is expected to be 
negligible if the pH is maintained between 5 and 7 
tn the absence of aggressive ions. 


le. Chlorides 


Chloride concentration should be kept to a minimen 
since the presence of chlorides in water accelerates 
corrosion of most metals. Therefore, the metallic 
collector components selected should be compatible 
with the chloride level anticipated in the heat 
transfer liquid. Aside from its initial presence in 
water, there are several potential sources of chloride 
tn a solar wit: 


- Residual chloride from pickling treatment of 
metallie components. This may also be a source 
of sulfate; while this is a rather unlikely source 
of these ions, care should be taken that the com- 
ponents of the system are thoroughly cleaned 
before assembly. 


5-27 


4930.2 


- Chloride from the decomposition of non-metallic 
components in the system. 


- Chloride from flux used in soldering or brazing 
components during installation. 


2. Temperature 


The temperature is an important consideration with regard 
to selection of containment materials. Corrosion in 
aqueous media generally increases rapidly with tempera- 
ture until the boiling potnt is approached. In systems 
a to the atmosphere, the corrosion rate will tend to 
crease due to a sharp decrease in tne solubility of 
oxygen in water at these temperatures. However, ina 
pressurized system, from which the dissolved oxygen can- 
not escape, corroston may continue at an accelerated rate. 


3. Copper in a Recirculating System 


In "onee through" systems, copper pipe is usually only 
connected downstream from iron pipe. Residential plumb- 
ing is an example of this. This practice is carried out 
because small amounts of copper tend to go into solution. 
When these copper ions contact more active metals such as 
zn or Al, and to a lesser extent, Fe, they are reduced to 
copper metal which subsequently deposits on the metal 
surface. No such effect is antictpated for systems 
utilizing copper and stainless steel. When tnis occurs, 
a galvanic cell is set up and rapid corrosion initiates. 
The presence of a dielectric pipe joint between Cu and Al 
or Fe will not alleviate this problem. Similar action 
may be expected if Fe deposits on Al. 


4, Galvanizing 


Galvanizing has long been used to protect tron or steel 
from corrosion. Zine is more active than tron and, when 
the two are in electrical contact, will corrode preferen- 
tially. Thus, the tron is cathodically protected. The 
rate of corrosion of zine i3 generally lover titan that of 
tron, so a relatively thin coating may last for quite a 
long time. However, there are data indicating that at 
elevated temperatures approaching 158 F (79 C), this 
effect is reversed and the iron corrodes rather than the 
zine, [2] 


— — 


[2] G. Butler and 4.C.K. Ison, "Corrosion and its Pre- 
vention in Watere", Reinhold Publishing, ".Y., 1966. 
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In addition, the corrosion rate of zine itself increases 
rapidly in the temperature range between 131 and 194 P 
(55 and 90 C), Accordingly, the use of galvanized steel 
above 131 F (55 C) should be considered with care, 


5. Stainless Steel 


While stainless steel is generally regarded as corrosion 
resistant, it may be susceptible to intergranular attack, 
pitting, crevice corrosion or stress corrosion cracking, 
The corrosion resistance of stainless steel varies greatly 
with the grade used and the thermal treatment. Therefore, 
the grade of stainless steel selected should be resistant 
+ wrroston when exposed to the anticipated heat trans- 


fe liquid. 
6. Galvanic Coupling 


Contact between dissimilar metals in the liquid contain- 
ment system should be avoided when aqueous heat transfer 
media are to be used, However, physical separation of 
dissimilar metals may not always ensure against galvanic 
corrosion (see commentary on copper in a recirculation 
system). 


7. Stress Corrosion 


Collector components may be subject to substantial residual 
stresses resulting from their fabrication. In addition, 
thermal cycling during operation may introduce applied 
stresses, Typical collector designs and operating con- 
ditions may be such that it is virtually impossible to 
avotd residual or applied stresses. 


Some metals and alloys are susceptible to stress corrosion 
when stressed in the presence of contaminants commonly 
present tn water, aqueous fluids, or in the atmosphere. 
Therefore, the metals used in collectors should be limited 
to those which are not susceptible to stress corrosion when 
tn contact with the anticipated heat transfer liquid. 


8. Expression of the Results of Corrosion Measurements 
Corrosion may be localized in the form of pitting, crevice 
corrosion, intergranular attack, stress corrosion, or 


eroston corrosion or it may be uniform, Localized cor- 
rosion is generally more destructive since it results in 
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$-515-2.3.2.4 


$-515-2.4 


S$-515-2.4.1 


perforation in far shorter periods, Therefore, the type 
of attack observed should be reported. The measurement 
technique used in evaluating the serverity of attack 
should also be consistent with the type of attack observed. 
For example, weight loss measurement would not be com- 
pletly adequate to assess the degree of damage caused by 
localized corrosion, Weight loss measurement may be 
meaningful when the degree of localization of attack is 
described, However, results should also include pit 
density, maximan depth of penetration or rate of penetra- 
tion measurement where appropriate, 


ASTM standards G 1-72, G 16-71, and G 46-76 provide 
recommended practices relating to corrosion test evalua- 
tion. 


Ultraviolet Stability 


Organic absorber plates shall not degrade to an extent 
that will significantly impair their function during their 
design life when exposed to UV radiation, 


Commentary: Organic absorber plates can crack, embrittle 
soften, fade, or undergo other changes that could result 
in premature failure, 


Absorptive Coatings 


General 


Materials used for absorptive coatings shall not degrade 
to an extent that collector performance will be reduced 
below allowable design limits, 


Commentary: Appendix Table B-2 lists some characteristics 
of absorptive coatings currently in use, Absorptive coat- 
ings are generally of two types. selective or nonselective. 
A nonselective coating has an absorptance to emittance 
ratio near unity whereas in a selective coating, the ratio 
ts higher, A selective coating has a high absorptance 

(a) over the solar spectrum (,3 to 2,0 wm) with low emit- 
tanee (e) to reduce thermal radiative heat losses. 


For coatings applied by an electroplating process, as are 
many selective coatings, the substrate finish, plating 
geometry, bath composition, and current density may 
tnfluence the properties necessary for optimm solar 
applications, 
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$-515-2,4.2 Materials Performance 
$-515-2.4.2.1 Thermal Stability 


After testing as described in S-515-2,1,2, there shall 

be no evidence of checking, cracking, blistering or flak- 
ing of the absorptive coating that will significantly 
impair its function, ASTM methods D 660-44 (1970), 

D 661-44 (1975), D 714-56 (1974) and D 772-47 (1975) 
shall be used to evaluate the above properties. 


$-515-2.4,.2.2 Ultraviolet Stability 


Documentation shall be provided that the absorptive 
coating is not adversely affected by UV radiation to an 
extent that will significantly impair its function during 
its intended design life, In lieu of other documentation, 
the absorptive coating shall not exhibit checking, crack- 
ing, blistering or flaking after testing using any one 

of the three aging procedures described in S-515-2.2,3,2 
in its design configuration, 


Commentary: The above test shall be performed with a 
cover plate between the absorptive coating and the light 
source (if so designed) to simlate in-service conditions, 
The cover plate shall be of the same type and configuua- 
tion as used in an actual collector, 


$-515-2.4.2.3 Moisture Stability 


Documentation shall be provided that the absorptive coat- 
ing is not adversely affected by moisture with which it 
comes in contact to an extent that will significantly 
impair its function during its intended design life, In 
lieu of other documentation, the absorptive coating shall 
not exhibit checking, cracking; blistering or flaking 
ne for 30 days according to AST D 2247-68 
1973). 


Commentary: Moisture is not expected to come in contact 
with absorptive coating in collectors which have a 
desiccant or in evacuated tube collectors. 
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Compatibility With Heat Transfer Medium 


When absorptive coatings are in direct contact with the 
heat transfer medium, documentation shall be provided to 
show that they are not affected by the medium to an 
extent that would significantly impair their function 
during their design lives, In lieu of other documenta- 
tion, the absorptive coating shall exhibit no checking, 
cracking, blistering or flaking or signs of erosion after 
immersion in the fluid transfer medium for 100 hours at 
the maximum service temperature according to ASTM 

D 1308-57 (1973). 


Collector Enclosure 
General 


Collector enclosure materials shall be in accordance with 
applicable sections of Division 5 and 6 of the MPS, 


Protective coatings, where used, shall be in accordance 
with Section 509-7 of the MPS, 


Materials Performance 

Thermal Stability 

After testing as described in S-515-2.1,2, there shall 
be no cracking or warping of the collector enclosure 
materials to an extent that would result in premature 
failure or degradation in collector performance greater 
than the design limits, 

Reflective and Antireflective Surfaces 

General 

Changes in reflective and antireflective surfaces due 


to in-use exposure shall not result in a decrease in 
collector performance below the design limits, 
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Materials Performance 
Thermal Stability 


After testing as in S-515-2,1,2, there shall be no 
cracking, crazing, delamination or change in reflectance 
properties of the surfaces to an extent that would result 
in premature failure or degradation in collector perform- 
ance greater than the design limits. 


Ultraviolet Stability 


Documentation shall be provided that the reflectance 
properties of the surfaces will not be adversely 
affected by UV radiation to an extent that will signifi- 
cantly impair their function during their design life. 


In lieu of other documentation, the reflectance, as 
measured for air mass 2 by ASTM E 424-71, method A, 
shall not decrease by more than 10% after exposure using 
any one of the three aging procedures described in 
$-515-2.2.3.2 


ENERGY TRANSPORT SYSTEM 


This section includes materials used to transport the 
heat transfer medium to a heat exchanger or storage 
facility and also those necessary components used to 
return the heat transfer medium from the heat exchanger 
or storage facility to the collector subsystem, 


Applicable Standards for Liquid Systems 


Compliance with MPS 


Materials used in the transport system shall be in 
accordance with Sections 515-3,2, 515-5.1, 515-5.2 and 
515-6.4 of the MPS where applicable, 


Other Standards 


Materials used for transporting liquids shall be shown 
to be in compliance with applicable standards, The 
standards and specifications for each component of the 
piping system shall also be given on plans or specifica- 
tions, 


4930.2 


Commentary: Examples of some standards that may be useful 
are given in Appendix Table B-4. 


Most of the Standards for piping shown in Appendix Table 
B-4 are the standards normally considered by the model 
plumbing codes. Designers may use other ANSI, ASTM, or 
Federal Standards or Specifications that may be more 
appropriate to their particular design. 


$-515-3.2 Materials Performance For Liquid Systems 
$-515-3.2.1 Thermal Stability 


Components comprising the transport system shall not be 
damaged by normal thermal expansion and contraction of 
piping materials under in-use conditions. Proper pipe 
hangers and supports and fittings shall be used to allow 
normal movement of piping. See Appendix Table B-4 


$-515-3.2.2 Chemical and Physical Compatibility 


a, Materials comprising the transport system shall have 
sufficient chemical and physical compatibility with 
organic materials in the system, such as sealants 
and gaskets, to which they are joined or in contact 
to prevent significant deterioration. 


b. Materials comprising the piping or transport system 
shall have sufficient chemical and physical com- 
patibility with the heat transfer liquid to prevent 
significant corrosive wear and deterioration. (for 
metals, see S-515-3.2.5) 


$-515-3.2.3 Erosion/Corrosion 


Materials comprising the transport system shall be in 
conformance with S-515-2.3.2.2. 


$-515-3.2.4 Joints Between Dissimilar Metals 


Dissimilar materials joined to form the transport system 
shall be electrically isolated from each other unless 
documentation is provided to demonstrate that the joints 
are sufficiently compatible to prevent corrosive wear 
and deterioration during their design lives. 


Commentary: Care must be taken to avoid short ctreutt- 
ing of dielectric couplings. For example - dielectric 
couplings used to isolate dissimilar metals which are 
buried tn soil my be ineffective because of contact of 
the metals with ground water, or dielectric couplings may 
be short circuited through pipe supports connected to 
metal structures. 
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Metals 


Metals used in the transport system which are in direct 
contact with heat transfer liquids shall be used in 
accordance with the generally acceptable conditions listed 
in Tables S-515-2.3.2 or S-515-2.3.3 where applicable. 
Generally unacceptable conditions listed in these tables 
shall not be used. Documentation shall be provided to 
demonstrate that material usages not covered in the 

tables meet the intent of S-515-1.4 and S-515-3.2.3. 


Applicable Standards for Air Systems 


Design of all warm air heating systems shall be in 
accordance with the recommendations of the ASHRAE Guide 

or applicable manuals of NESCA, SMACNA, and ARI. Installa- 
tion shall comply with NFPA Standards 31 and 54 and either 
NFPA 90A or 90B, as applicable, 


Size 


Air distribution equipment shall be adequately sized to 
fulfill the heating requirements of the system. 


Air filters shall conform to the requirements of UL 900 
(ANST B124.1-1971). 


Heating supply and return air ducts in unconditioned 
spaces shall be insulated with materials or have thermal 
characteristics as specified in 515-3.1 of the MPS. 


MECHANICAL SUPPORTING DEVICES 

General 

Mechanical supporting devices including support devices 
for roof, wall, or remote mounted collectors shall be 


designed and constructed of materials in accordance with 
Section 500 of the MPS. 
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Applicable Standards 


Materials used in mechanical supporting devices shall be 
in accordance with the following sections of MPS. 


Wood Section 506 
Wood subject to termite 

damage Section 502 
Concrete Section 503 
Masonry Section 504 
Metals Section 505 
Coatines Section 509-7 


Pipe and Duct Hangers 


Pipe and duct hangers, used to support insulated pipes 
or ducts shall be designed to avoid damaging the insula- 
tion material. 


Commentary: If pipe or duct hangers are installed over 
the insulation material, metal surface plates should be 
used to avoid damaging the insulation. 


VALVES 
Applicable Standards 


Valves shall be shown to be in compliance with applicable 
standards. Valves manufactured to other standards not 
listed but fulfilling the requirements of a particular 
solar heating system design shall be evaluated in accord- 
ance with MPS Sections 513 and 613 procedures and 

shall be acceptable to the HUD field office. 


Commentary: Examples of standards that may be useful 
are given in Appendix Table 8-4, 


Standards for valves usually present pressure-temperature 
ratings. Appendix Table B-5 presents these ratings as 
an example for ball valves, Federal Specification WW-V- 
35a-1975. National standards do not cover all valves 
useful to solar heating system design. Valves not 
covered by standards may be acceptable to HUD if a his- 
tory of successful usage can be demonstrated by the valve 
manufacturer or solar heating system designer. 
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$-515-5.2 Material Performance 


Valve materials shall be compatible with the heat trans- 
fer liquid as required in S-515-1.4 and S-515-3.2. 


$-515-6 PUMPS AND FANS 


S-515-6.1 Applicable Standards 


a. Centrifugal, rotary and reciprocating pumps shall be 
in compliance with the requirements of the liydraulic 
Institute [1]. 


Commentary: A Hydraulte Institute Standard defines the 
product, material, process or procedure with reference 
to one or more of the following: nomenclature, compost- 
tion, construction, dimensions, tolerance, safety, 
operating characteristics, performance, quality, rating, 
testing and service for which designed. [1] 


b. Fans shall comply with the applicable standards of 
the AMCA or HVI and shall be tested, rated and labeled 
accordingly. 
§-515-6.2 Material Performance 


Pump materials shall be compatible with the heat transfer 
liquid as required in S-515-1.4 and S-515-3.2. 


[1] Hydraulic Institute, 1230 Keith Building, Cleveland, Ohio 44115 
HYDRAULIC INSTITUTE STANDARDS FOR CENTRIFUGAL, ROTARY & RECIPROCAT- 


ING PUMPS, thirteenth edition, 1975. Library of Congress Card No. 
A56-4036. 
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THERMAL STORAGE UNITS 


Thermal storage units are defined as any container, space 
or device which has the capacity to store thermal energy 
or transfer media (liquid or solid) containing thermal 
energy for later use, 


General 


Thermal storage units shall be of sufficiently durable 
material to fulfill the heating storage requirements of 
the system for the intended design life of the storage 
unit. 


Applicable Standards 


Applicable standards for thermal storage materials are 
presented in Appendix Table B-6, The thermal perform- 
ance of storage units can be evaluated using ASHRAE 
94-77. 


Labeling 


Pressurized thermal storage containers shall be labeled 
in accordance with 515-1,2 of the MPS, In addition, 
labels shall list the maximum operating pressure and 
temperature and minimum operating temperature. 


Materials Performance 
Contamination 


Thermal storage tank materials, including any interior 
protective coatings and the heat storage medium used, 
shall not impart toxicity, undesirable tastes, or odors 
to either air or water intended for human consumption. 
For liquid systems, the requirements of the U.S, Public 
Health Service Drinking Water Standards shall apply. 
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Materials Compatibility 


a. Materials comprising the thermal storage system shall 
not cause corrosive wear and deterioration which 
results in premature failure or degradation in storage 
performance greater than the design limits. 


b. Metals used in the thermal storage system which are 
in direct contact with heat transfer liquid shall be 
in accordance with the generally acceptable condi- 
tions listed in Tables S-515-2.3.2 or S-515--2.3.3, 
where applicable. Generally unacceptable conditions 
listed in these tables shall not be used, Documenta~ 
tion shall be provided to demonstrate that material 
usages not covered in the tables meet the intent of 
$-515-1.4 and S-515-7.4.2a. 


HEAT TRANSFER FLUIDS 
General 


The heat transfer fluid shall be of sufficient stability 
to perform its intended heat transfer functions for the 
intended life of the fluid. The heat transfer fluid 
shall not cause premature failure or degradation in a 
system performance exceeding the design limit for those 
parts of the solar energy system with which it comes 
into contact. 


Commentary: Appendix Table 8-7 presents a partial list- 
ing of properties of several types of neat transfer 
liquids. 


Labeling 


The provisions of the Federal llazardous Substances Act 
(1971) shall apply to heat transfer fluids. In addition, 
heat transfer media classified as combustible shall be 
labeled as such. 


Emergency first aid instructions shall be included on the 
label of toxic heat transfer fluid containers. A tech- 
nical data sheet shall be provided with all heat transfer 
fluids which contains the following information. 
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Service temperature range 

Viscosity over service temperature range 

Freezing point 

Boiling point 

Flash point 

Auto ignition temperature 

Specific heat 

Vapor pressure over service temperature range 

Instructions for inspection, treatment and disposal of 
fluid 

Emergency first aid instructions, 


For toxic fluids, a list of the chemical components of 
the fluid shall be available expressed in mg./liter. 
This list shall include any substances which comprise 
more than 0.10% of the medium. 


Toxic and Combustible Fluids 
General 


Heat transfer fluids which require special handling 
(e.g., toxic, combustible, corrosive, explosive, etc.) 
shall not be used unless the systems in which they are 
used are designed to avoid unnecessary or unreasonable 
hazards; see Section S-615-10.1. 


Flash point 


Temperatures attained by fluids in solar systems under 
operating and no-flow conditions shall not exceed a 
temperature which is 100 F below the flash point of the 
fluid. In no case shall a liquid with a flash point 

below 100 F or a flammable gas be used. Flash point 

Shall be determined by the methods described in NFPA 

No. 321, ‘Basic Classification of Flammable and Combustible 
Liquids". 


Commentary: NFPA No. 321 (1973) defines Flanmable Liquids 
as those with flash points below 100 PF and Combus #15 Ie 
Liquids as those with flash points at or above 100 F. 

This section prohibits the use of flammable liquids 

(flash point below 100 F) and permits the use of combust- 
thle liquids (flash point at or above 100 F) under pre- 
seribed conditions. In common, non-technical usage, the 
term flammable liquid frequently refere to any liquid with 
a flash point, including liquids classified as combustible. 
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Atmospheric Concentration of Toxic Materials 


The concentration of the vapor of the heat transfer medium 
in the building's interior atmospheric environment shall 
not exceed 1/10th the threshold limit value (TLV) for 

that particular medium in an 8-hour period. 


Commentary: The TLV is primarily concerned with indust- 
rial exposures. Because routine household exposure could 
be for much Longer time periods, the 1/10ti value of the 
TLV tg recommended. TLV's are wider continuous review; 

a list of currently adopted values ts published by the 
American Conference of Government Industrial Hygienists. 


Materials Performance 
Changes in the Heat Transfer Fluid 


Except when such changes are allowed by the design of 

the system, the heat transfer fluid shall not freeze, 

give rise to excessive precipitation, give rise to 

sludge, asphaltic or resinous déposits or coatings, other- 
wise lose its homogeneity, boil, change pH or undergo 
changes in viscosity outside the design range when 

exposed to its intended service temperature and pressure 
range and other intended operating conditions. 


Commentary: Some organic fluids may degrade by oxidation 
in open systems and thereby be unacceptable for use in 
such systems while providing satisfactory service in 
closed systems. 


Chemical Compatibility 


Heat transfer fluids designed to be used in contact with 
component materials shall not cause deterioration which 
results in premature failure or degradation in system 
performance greater than the design limits. Inhibitors 
in the concentration used shall be compatible with all 
components in the system with which they come in contact. 


Thermal Stability 


The heat transfer fluid shall not degrade at temperatures 
up to the maximum service temperature or cause deteriora- 
tion of the system components which results in premature 

failure or degradation in system performance greater 

than the design limits. 
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Commentary: This maximum temperature will generally 

be reached under "no-flow" conditions, Appendix Table 
B-7 includes data for a number of typical transfer 
liquids. Some fluids may decompose somewhat at elevated 
temperatures, For example, ethylene glycol can degrade 
to form organic acids, Buffers are usually included with 
such liquids to control the pH. It may be desirable’ 

tf fluids decompose with time, to change the fluids 


pertodically, 
$-515-9 HEAT EXCHANGERS 
$-515-9.1 General 


When nonpotable liquid is used in a solar energy system 
to transfer heat to domestic (potable) hot water, the 
design of the heat exchanger shall be such that either 
a minimum of two walls or interfaces are maintained 
between the nonpotable liquid and the potable water 
supply or protection is provided in such a manner that 
equivalent safety is provided, 


Commentary: Double wall heat exchanger designs are one 
way of meeting the intent of this criterion. When double 
wall heat exchanger designs consisting of two single wall 
heat exchangere tn combination with an intermediary 
potable heat transfer liquid are used, leakage through 
one of the walls would result in a single wall configura- 
tion. Although this design is considered to meet the 
intent of this criterion, there are several other designs 
that avoid this problem. 


The use of single wall configurations which solely rely 
upon potable water pressure to prevent contamination is 
not considered to be an acceptable solution, Similarly; 
extra thick single walls are not considered to meet the 
intent of thie criterion, 


For approval of other than double wall designs, the 
procedures described in S-101 should be utilized. 


$-515-9,2 Applicable Standards 


Heat exchangers shall be in compliance with the applicable 
standards given in S-515-9.2.1 and S-515-9.2,.2, Exchangers 
manufactured to other standards not listed but fulfilling 
the requirements of a particular solar heating system 
design may be acceptable, 
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Tubular Heat Exchangers 


Tubular heat exchangers shall be in compliance with the 
appropriate requirements of TEMA, 


lieating Coils 


Forced circulation air-heating coils shall be in com- 
pliance with the requirements of ARI Standard 410. 


Material Performance 


Heat exchanger material shall be compatible with the 
heat transfer fluid as required in S-515-1.4 and 
$-515-3.2. 


GASKETS AND SEALANTS 
Applicable Standards 


Caulking and sealants shall be in accordance with 507-6 
of the MPS, where applicable. Gaskets which seal 
pressurized systems shall withstand the maximum service 
pressure when tested in accordance with ASTM D 1081-60 
(1974). 


Commentary: Since gaskets and sealants used in solar 
systems may not be adequately covered by existing speci- 
fications, Appendix Table B-8 is included to serve as a 
guide in selecting specific sealing mterials. 


Materials Performance 
Thermal Stability 


Gaskets and sealants included in the test described in 
$-515-2.1.2 shall not exhibit cracking, loss of elasticity. 
outgassing, or loss of adhesion sufficient to impair their 
function at the completion of the test. 


Commentary: A potential problem witii sealants and gaskets 
used tn collectors is tiat during no-flow conditions out- 
gassing may occur with the outgassing products being 
deposited on the interior surface of the cover plate. 

Such deposits can reduce tie transmittance of tie 

cover plate. 
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Chemical and Physical Compatibility 


a. Gaskets and sealants shall be chemically and physi- 
cally compatible with the substrates to which they 
are joined. 


Commentary: Compatibility of gaskets and sealants with 
substrates may be evaluated in the process of testing 
materials for compliance with the Federal Specifications 
listed in Appendix Table B-8. 


b. Documentation shall be provided to show that gaskets 
and sealants in direct contact with the heat trans- 
fer fluid are not degraded by the fluid. In lieu 
of other documentation, gaskets and sealants which 
are in direct contact with heat transfer fluid shall 
not exhibit significant expansion, cracking, loss 
of elasticity or loss of adhesion when immersed for 
100 hours in the heat transfer fluid at the maximum 
service temperature. ASTM D 471-75 or F 146-72 
shall be used as a guide in performing these tests. 


Ultraviolet Stability 


Gaskets and sealants that are normally exposed to UV 
radiation in service shall not be adversely affected by 
such radiation. Documentation shall be provided demon- 
strating that such materials are capable of withstanding 
exposure to sunlight for their design lives without 
functional impairment. 


Commentary: Data obtained under ambient environmental 
exposure conditions will be accepted if data obtained 
under in-service conditions are unavailable. 


Gaskets of ethylene propylene diene manomer (EPDM) rubber 
or stlicone rubber are examples of materials that may be 
appropriate for these applications. 


INSULATION/THERMAL AND MOISTURE PROTECTION 

General 

These requirements apply to both fixed and movable insula- 
tion installed in conjunction with or as an integral part 
of the solar system. Materials used for insulation shall 


be of sufficient proven effectiveness and durability under 
the expected operating conditions to assure that required 
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design conditions concerning heat losses, sound control 
and fire rating are attained. Insulation in contact 

with the ground shall not be adversely affected by soil, 
vermin or water. Insulating materials shall be in accor- 
dance with 507-3 of the MPS and S-607-3. Insulating 
materials for air ducts shall be in accordance with 
$-515-3.1. Materials used for waterproofing shall be 

in accordance with Section 507-1 of the MPS. Materials 
used for vapor barriers shall be in accordance with 
Section 507-2 of the MPS. 


Commentary: When movable insulation is used in passive 
systems, design considerations should be given to ensure 
protection of the insulation from structural damage, 
degradation due to weather or other degrading factors. 


Flame Spread Classification 


The flame spread classification index for all insulation 
materials shall not exceed the following values: 


Plastic Foam 25 
Loose Fill Insulation 50 
Other Insulation Material 150 


The ASTM E 84 flame spread test method shall be the basis 
for evaluating the surface burning characteristics of 
the insulation materials. Where fibrous blankets with 
facings are to be used, the surface burning characteris- 
tics of the complete faced insulation blanket shall be 
measured, 


Commentary: No single test is sufficient to provide a 
full estimate of performance of a product in a fire. 
Plastic foans iad tae fill insulation are difficult to 
evaluate in AST™ E 84. The requirement of flame spread 
classification of 25 maximun for plastic foans and 50 for 
loose fill insulation will provide as much safety assur- 
ance as ts possible wita current test methods. Such a 
classification shall not be construed as the equivalent 
of “noncombustible”. Many insulation materials, in- 
cluding those consisting of cellulose, plastic foam and 
fibrous glass (containing organic binder) are combustible 
materials which will burn and release heat, especially 
when exposed to continuous large fire sources. 
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Flame Resistance Permanency 


Chemical retardant insulations shall retain their flame 
resistance throughout their service lifetime. The pro- 
cedures and equipment specified in ASTM C 739-73, Section 
10.4, "Flame Resistance Permanency", shall be used in 
judging the effect of aging on the permanence of any 
flame retardants used during manufacture. 


Materials Performance 
Collector Insulation 
Thermal Stability 


Collector insulation shall not degrade at the maximum 
service temperature to an extent which results in pre- 
mature failure or degradation in collector performance 
greater than the design limits, 


After testing as described in $-515-2.1.2, there shall 
be no swelling or other dimensional changes in the col- 
lector insulation, outgassing or physical changes 
resulting in the decrease in thermal performance in 
excess of that permitted in the test. 


Commentary: Organic materials found in insulation have 
been known to evolve from collector insulation during 
system operation, leaving a coating on the cover plates 
which impairs collector performance. ‘lormally, the 
insulation nearest the absorber plate is exposed to 
temperatures higher than insulation near other parts of 
the collector. It may be possible to use one type of 
tnsulation adjacent to tie absorber plate and anotiter 
type in areas of the collector which will not be exposed 
to extreme temperatures. Fiberglass insulation with 
binders can be preheated to expel volatiles prior to 
use in collectors. If such pre-treatment is used, tie 
upper temperature limit becomes somewhat higher. 


Pipe or Duct Insulation 

Pipe or duct insulation shall be sufficiently stable at 
the maximum temperature to which it will be exposed in 
service. 

Commentary: General practice for the use and protection 


of pipe insulation is described in the ASHRAE Handbook 
of Fundamentals. 
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Storage Subsystem Insulation 

If insulation whose thermal properties are affected by 
water is used, the insulation shall be protected in 
accordance with S-515-11.1. 


CATCH BASINS 


General 


Catch basins shall be of adequate size and construction 
to fulfill their intended functions and be constructed 
of materials in accordance with Section 515-5 of the MPS. 


Materials Performance 
Materials Compatibility 


Catch basin materials which are jointed to or in contact 
with other materials shall have sufficient chemical and 
physical compatibility with those materials to prevent 
deterioration. 


Coating 


The catch basin coating, when used, shall not be signifi- 
cantly deteriorated during its design life by weathering 
or by the transfer medium with which it comes in contact. 


ORGANIC COUPLING HOSES 
Materials Performance 
Thermal Stability 


Organic coupling hoses included in the test described in 
$-515-2,1.2 shall not exhibit cracking, loss of elasticity, 
or embrittlement at the completion of the test that will 
significantly impair their function. 


Commentary: The selection of coupling hoses and clamps 
is quite critical. Many failures have been noted due to 
the clamping of hoses with screw or spring-type clanpe, 
exposing the hose to high temperatures which tend to 
vuleanize the area beneath the clamp, causing tt to lose 
resiliency and begin to leak. Further tightening of the 
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clamps will temporarily stop leakage but further vulcanizs- 
ing will occur with the end result being a hard non- 
resilient ring under the clamp which can no longer be 
tightened to prevent leakage. Silicone rubber nose is 

one of the few materials which have been tested and tend 
to maintain their resiliency with no tendency to take a 
thermal set. The silicone mbber hoses, however, tend to 
be so pliable that screw-type clamps with perforated bands 
should not be used as it is possible to extrude the 
material through the perforations in the band. If this 
material is used, smooth band clamps should be utilized. 


$-515-13.1.2 Ultraviolet Stability 


Organic coupling hoses which are exposed in service to 

UV radiation shall not be adversely affected by the radia- 
tion. In lieu of other documentation, organic coupling 
hoses shall not exhibit significant cracking, loss of 
elasticity or embrittlement after 500 hours exposure as 
described in ASTM D 750-68 (1974). 


$-515-13.1.3 Compatibility with lleat Transfer Fluid 


Documentation shall be provided to.,demonstrate that organic 
coupling hoses which are in direct contact with heat trans- 
fer fluids are not significantly degraded by the fluids. 

In lieu of other documentation, the hoses shall not exhibit 
cracking, loss of elasticity or embrittlement that will 
significantly impair their function when tested for 100 
hours at the maximum service temperature according to 

AST™ D 471-75 or F 146-72. 


Commentary: SAE Standard J20e (1974) covers coolant system 
hoses for automobiles. For solar systems using glycol 
liquids, this SAE Standard may be applicable for demonstrat - 
ing compliance with S-515-13.1.3. It is expected, how- 
ever, that hoses in solar systems will be exposed to more 
strenuous conditions than automobile hoses. 


$-515-13.1.4 Compatibility with Piping Materials 


Organic coupling hoses which are used to join piping shall 
be compatible with the piping. 
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Ozone Degradation 


Documentation shall be provided to demonstrate that 
organic coupling hoses which are exposed in service to 
the environment are not significantly degraded by ozone 
in the air, In lieu of other documentation, the hoses 
shall exhibit no cracking or loss of elasticity that will 
significantly impair their function when tested for 100 
hours to an ozone atmosphere of 50 + 5 pphm/volume at 

23 C according to ASTM D 1149-64 (1970). 
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CHAPTER 6 


CONS TRUCT ION 
GENERAL 


The provisions of this chapter are applicable to solar 
energy systems including heating (H) and domestic hot 
water (DHW) systems. This chapter is a supplement to 
the Minimum Property Standards (MPS). Building construc- 
tion provisions (Chapter 6) of the MPS are applicable in 
addition to the items explicitly discussed in this 
document. 


LABELING 


Solar heating (H) and/or domestic hot water (DiIW) systems, 
subsystems, and components shall be labeled or given clear 
indication of their operating temperatures, pressures, 
flow direction and filled weight as appropriate in accord- 
ance with 515-1.2 of the MPS. 


Commentary: Labeling requirements for specific materials 
and products are given in Chapter 5 of tits docwnent. 


ALTERNATE CONSTRUCTION 


Alternate or special methods of construction other than 
those contained herein, may be used when found acceptable 
by established liUD procedures and Division 613 of the MPS 
and Section S-101 of this document. 


INSTALLATION OPERATION AND MAINTENANCE MANUAL 


Manuals shall be provided to describe the installation, 
operation and maintenance of the H and/or DHW systems. 


A complete manual as described in S-600-3.1, 3.2, and 
3.3 shall be provided to the installer or maintenance 
contractor. <A simplified owners manual shall be pro- 
vided to the building occupant which shall include as a 
minimum: system description including a schematic 
diagram; owner maintenance procedures, and a tabulation 
of appropriate pressure, temperature and flow informa- 
tion that is indicative of system performance. The 
owners manual shall also include the names and addresses 
of manufacturers of all the primary components of the 
system. 
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Commentary: It is suggested that each manufacturer of 
a subsystem should provide installation operating anid 
maintenance manuals for each subsystem he provides, and 
that he show typical systems using his and otier sub- 
systems to complete tne whole. The installer. who is 
responsible for the comlete installation and tnerefore 
for the complete system should assemble all the manuals 
from the subsystem manufacturere into a complete manual 
pertinent to the system. He should add any other infor- 
mation needed for an understanding of tie complete 
system and its functioning. Control sequences are 
determined almost entirely in the field and should ve 
described for tne snectfie installation. 


Installation Instructions 


The manual shall include physical, functional and pro- 
cedural instructions describine how the subassemblies 
of the H and/or DHW systems are to be installed. 


These instructions shall include descrintions of sooth 
system interconnections and connections with the dwelling 
and site. 


Maintenance and Operation Instructions 


The manual shall completely describe tne ii and/or DW 
systems, their breakdown into subsvstems, their relation- 
ship to external systems and elements, their performance 
characteristics and their required parts and procedures 
for meeting specified capabilities. 


The manual shall list all parts of the systems, by sub-- 
system, describing as necessary for clear understanding 
of operation; maintenance, repair and replacement, such 
characteristics as shapes, dimensions, materials, weights, 
functions, and performance characteristics. The manual 
shall include a tabulation of those specific performance 
requirements which are dependent upon specific mainten- 
ance procedures. The maintenance procedures includine 
ordinary, preventive and minor repairs, shall be cross- 
referenced for all subsystems and organized into a 
maintenance cycle, The manual shall fully describe 
operating procedures for all parts of the system including 
those required for implementation of specified planned 
changes in mode of operation. The instructions shall 
provide warnine against hazards that could arise in the 
maintenance of the system and shall fully describe pre- 
cautions that shall be taken to avoid these nazards. 
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Maintenance Plan 


The manual shall include a comprehensive plan for main- 
taining the specified performance of the ii and/or DHW 
systems for their design service lives. 


The plan shall include all the necessary ordinary main- 
tenance, preventive maintenance and minor repair work, 
and projections for equipment replacement, and shall 
include important pressure, temperature and flow infor- 
mation as checkpoints throughout the system to assist 
in troubleshooting. 


REPLACEMENT PARTS 


Parts, components, special tools and test equipment 
required for service, repair or replacement shall be 
commercially available or available from the system or 
subsystem manufacturer or supplier. 


Commentary: This provistor. ts intended to preclude long 
pertods of system down-time due to the need for tie 
repair or replacement of parts. 


MAINTAINABILITY OF SYSTEMS AND SUBSYSTENS 


Service Complexity 


The i and DHW systems and subsystems siiall be capable of 
being serviced with a minimum amount of special equipment 
by a trained service technician using a maintenance 
manual and common tools. 


COMMENTARY: ON LARGER COLLECTOR INSTALLATIO;S IT [AY LE 
DESIRABLE TO MAKE PROVISIONS FOR SUPPLYING CLECTRICAL 
POWER AND WATER FOR MAINTENANCE PURPOSES. 


Access for System Naintenance 


All individual items of equipment and components for the 
H and/or DW systems which may require periodic examina- 
tion, adjusting, servicing and/or maintenance shall be 
accessible for inspection, service, repair, removal or 
replacement without dismantling of any adjoining major 
piece of equipment or subsystem. 
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Commentary: It is recommended that individual collectors 
in an array be replaceable or repairable without disturb- 
ing non-adjacent collectors in the array. 


Accessibility as a function of component life is an 
important consideration. Some manufactured collector 
systems and many individually designed systems are done 
in such a way that s ntial installation is necessary. 
This can make it very difficult to replace an individual 
collector without distrubing the entire array. 


SAFETY AND HEALTH REQUIREMENTS 
General 


The incorporation of solar systems into the living unit 
shall not create an environment which is more hazardous 
to the occupants than that of a conventional living unit. 
Materials and the construction used in installation of 
solar systems shall be in accordance with the fire pro- 
tection provisions of S-405. 


Combustible Liquids 


The storage, piping and handling of combustible liquids 
shall be in accordance with the Flammable and Combustible 
Liquids Code NFPA No, 30. 


Protection From Heated Components 


Components of solar systems which are accessible, located 
in the areas normally subjected to occupant traffic and 
which are maintained at elevated temperatures shall either 
be insulated to maintain their surface temperatures at 

or below 140 F at all times during their operation or 
suitably isolated. Any other exposed accessible com- 
ponents that are maintained at temperatures above 140 F 
shall be identified with appropriate warnings. 


System Component Clearances 


Combustible solids adjacent to solar equipment or an inte- 
gral part of a solar component shall not be exposed to 
elevated temperatures which may cause ignition. 
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Commentary: Heating of cellulosic materials as well as 
other combustible materials over am extended period of 
time may result in the material reaching and surpassing 
tts autoignition temperature. The most commonly —— 
ignition temperature of wood is 392 F. However, studies 
have indicated that wood my ignite when exposed to a 
temperature of 212 F for prolonged periods of time. The 
ingition temperature of plastics may be above or below 
those of cellulosic materials. Clearances for HVAC 
equipment, ducting and piping are discussed in NFPA No. 
89M, Where applicable, clearances specified by a nation- 
ally recognized testing laboratory my be used. 


Protection Against Over-Pressure and Over-Temperature 


The total system shall be protected against excessive 
pressures and temperatures. Pressures shall be limited 
as specified in S-615-14, 


Personal Safety 


Where access for service of cleaning of solar subsystems 
requires a person to balance on a narrow or (steeply) 
sloping surface, provisions shall be made for securing a 
life-line, guard-rail or other personal protective device. 


Growth of Fungi, Mold or Mildew 


Components and materials used in the H and DHW systems 

shall not promote the growth of fungi, mold or mildew in 
accordance with applicable codes, the test specification 
of UL 181-74, Section 10 and MPS, Appendix D, Section E. 


Commentary: Spectal consideration should be given to 
tie presence of fungi in air handling systems since 
such micro-organisms are frequently allergenic. 


Protection Against Vermin or Rodents 


Solar energy systems (including piping, fixtures, appli- 
ances and other equipment) shall not contribute to the 
entry or growth of vermin or rodents. Maintenance of 
physical barriers, minimization of concealed spaces 
conducive to harboring vermin or rodents and provisions of 
access for cleaning shall be in accordance with applicable 
codes such as Section 2.13 of the National Standard Plumb- 


ing Code. 
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Protection of Potable Water Supply 


The design and installation of the solar system, its 
subsystems and components shall be accomplished in such 

a manner as to provide complete protection of the potable 
water supply. Such installations shall be in accordance 


with Chapter 10 of the National Standard Plumbing Code 
and other applicable codes (see Section $-615-10), 
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DIVISION 1 


GENERAL STRUCTURAL REQUIREMENTS 


GENERAL 


This section contains those supplemental requirements to 
Chapter 6 of the MPS needed to cover solar systems which 
utilize conventional structural materials (materials 
covered by the current MPS edition). Unless specifically 
modified herein, the requirements of MPS Chapter 6 apply 
in addition to the supplemental requirements in this 
section, 


All structural design for solar systems and their mount- 
ing structures shall be based on generally accepted 
engineering practice. All loading shall be in accordance 
with ANSI A58.1 except as shown otherwise in this docu- 
ment or the MPS. 


DESIGN DEAD LOADS 


In calculating the dead loads for solar systems, the 
weights of the transfer liquid in the collector, liquid 
in storage tank, and liquid in other subsystems and com- 
ponents shall be included, except when using dead load 
to resist uplift or overturning. 


Commentary: Liquids are normally present in systems in 
which they are the heat transfer medium and thus are a 
long term sustained load where creep is a consideration. 
They also effect seismic forces in a fashion similar to 
any other dead load. However, it is possible to remove 
liquid, thus they should not be courted on to resist 


upltft. 
DESIGN LIVE LOADS 


Roof Mounted Solar Sys tems 


Resistance to design live roof loads prescribed in 
Table 6-1.2 of MPS 4900.1 (Table 6-1.3 of MPS 4910.1 and 
4920.1) shall not be required for collector panels that 
are mounted on roofs but do not form an integral part 
of the roof if adequate access is provided for service 
and maintenance personnel. For collectors which form 
an integral part of the roof, resistance to the design 
live roof loads listed in Table 6-1,2 (or 6-1.3) shall 
be required. 
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Commentary: The design live loads contained in Table 
6-1.2 of MPS 4900.1 constitute minimun loading require- 
ments needed primarily for human safety. The roof will 
need to be repaired from time to time; therefore, it 
must support the workman making the repairs, regardless 
of the wind and snow loading requirements. This is not 
the case for accessible roof-mounted collectors - they 
do not need to support workmen when being repaired. 
Hence they need only to sustain the required environ- 
mental loading (wind, sno and hail). 


Maintenance Loads 


All components of the solar energy systems which must 
support maintenance personnel shall resist a single 
concentrated load of 250 lbs. distributed over a 4 sq. 
in. area, acting on the installed component in the most 
critical locations. Special allowance shall also be 
made for heavy maintenance equipment, if used. 


WIND LOADS 
Flat Plate Collectors Mounted on Roofs and Walls 


Wind loads on flat plate solar collectors shall be those 
specified for roofs and walls in Section 691-6 of the MPS 
or as modified in paragraphs S-601-4.1.1, .2, -3, and .4 
below. 


Flat plate collectors that are mounted with their cover 
plates or back surfaces flush with the surface of the 
roof shall resist the wind loads that would have been 
imposed on those areas of the roof covered by the collectors. 


Flat plate collectors mounted at an angle or parallel to 
the surface of the roof on open racks shall resist any 
uplift load caused by the impingement of wind on the 
underside of the collector. This wind load is in addition 
to the equivalent roof area wind pressure and suction 
loads, and shall be determined by utilizing accepted 
engineering procedures which may include wind tunnel test- 
ing. Equivalent roof area wind loads are those wind 

loads that would have been applied to the areas of the 
roof occupied by the collectors. Equivalent roof area 
wind loads shall be applied to the outer cover plate of 
the collectors. 
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In calculating design wind loads for flat plate collectors 
mounted on roofs, the internal pressure coefficients, C _,, 
listed in Table 11, ANSI A58.1 shall be taken as zero £Be 
the wind pressure within a collector. Collectors that 
form an integral part of the roof structure shall resist 
the internal pressures from the inside of the building 
just as any other roof member. 


Wind loads on flat plate collectors mounted at an angle 

to a vertical wall shall be the same as those required 

for equivalent roof eave area as stipulated in Section 
6.5.3.2.4 of ANST A58.1. Wind loads on flat plate 
collectors mounted parallel to, or integral with verti- 
cal walls shall be the same as those required for exterior 
walls, 


Other Types of Solar Collectors Mounted on Roofs and Walls 


Wind loading on other types of solar collectors shall be 
determined using the results of accepted engineering pro- 
cedures including the MPS and ANSI A58.1 or physical 
simulation which may include wind tunnel testing. 


Roof Wind Loads 


Roof loading due to wind effects on flat plate collectors 
and concentrating collector support structures and/or 
enclosures must be included not only in the design of the 
roof support framing, but also in the design of all 
structural elements influenced by these loads. 


Ground Mounted Collectors 


Wind loading on ground-mounted flat plate collectors and 
their support structures shall be determined in the same 
manner as that for roof-mounted flat plate collectors. 
Where flat plate collectors are mounted on open racks, 
equivalent roof area wind loads shall be those given for 
nonenclosed structures as given in Section 6.6, ANST 
A58.1, taking into account local terrain characteristics. 


Exposed Storage Tanks 


Wind loads on exposed storage tanks shall be determined 
in accordance with ANSI A58.1. 
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SNOW LOADS 
Flat Plate Solar Collectors Mounted on Roofs and Walls 


Snow loads acting on flat plate solar collectors or 
caused by their installation shall be those required for 
roofs as specified in Section 601-5 of the MPS or as 
modified in paragraphs S-601-5.1,1, .2, and .3 below. 


Flat plate collectors that are mounted with their cover 
plates and back surfaces parallel to the surface of a 
roof, and those that are mounted at an angle to the 
surface of a roof, on open or closed racks in a saw-tooth 
arrangement shall support the snow loads that would other- 
wise have been imposed on areas of the roof covered by 
the collectors, Where collectors are mounted with their 
cover plates forming steep slopes, shedding of snow from 
the collector may cause snow to accumulate at the base 

of the collector or other hazardous conditions which 
shall be considered in the design of the roof. 


Flat plate collectors mounted at an angle to the surface 
of a wall, and supported by the wall, shall be designed 
to support the same snow loads as an equivalent roof eave 
area, 


Consideration shall be given to the potential local 
accumulation of snow under flat plate collectors. 


Roof Loading 


A single or multiple saw-tooth array of collectors may 
cause severe drifting between each mounted collector 
(and under open racks) in addition to the snow load on 
the cover plates. These unusual snow loads must be 
determined on the basis of local snow conditions. 


Other Types of Solar Collectors 


Snow loads on other types of solar collectors shall be 
determined as specified in the applicable portions of 
ANSI A58.1 and by accepted engineering procedures. 
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SEISMIC LOADS 


General 


Seismic design requirements for the mechanical and 
electrical components of solar energy systems are covered 
in this section, Architectural and structural components 
shall be designed in accordance with MPS Section 601-9, 
The requirements of this section shall apply to the erec- 
tion, installation, relocation, or replacement of, or 
addition to any mechanical or electrical component of 

a solar system, If elements of the solar energy system 
are attached to any existing structural element, or if 
parts of any existing structural element are modified or 
replaced with parts different in size and weight, the 
element, as well as its connections to the building shall 
be redesigned to comply with the seismic design require- 
ments of Section 601-9 of the MPS, 


Mechanical and Electrical Components 


For those buildings required to be designed for earth- 
quake by Section 601-9 of the MPS, mechanical and elec- 
trical components of solar energy systems shall resist 
seismic forces as specified for parts and portions of 
buildings in the latest edition of the "Uniform Building 
Code’ (UBC) [1]. The value of C. used in the UBC to 
establish the seismic force shalt be taken from Table 
S-601-6, 


The design of all connections between the mechanical or 
electrical components and the structural frame shall allow 
for anticipated movements of the structure, The details 
of the connections shall be made a part of the contract 
documents. 


Commentary: Mechanical or electrical components of a 
solar system are subjected to seismic forces generated 
by their mass and my also be influenced by interaction 
with elements of the structural system, 





{1] The "Uniform Building Code" is published by the 
International Conference of Building Officials. 
Whittier, California, 
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TABLE S~601-6 


Direction of Value of C 1/ 
Force p 2/ 


Storage tanks, pressure vessels, 0.12 when resting on 
boilers, furnaces, absorption ground 

air conditioners, other equipment any 0.20 when connected 
using combustible or high tempera- direction to, or housed, else- 
ture energy sources, electrical where in the building. 
motors and motor control devices, 

heat exchangers 


Flat plate and concentrating any 
solar collectors direction 


Transfer liquid pipes larger any 
than 2 1/2 in, diameter horizontal 
direction 





For flexible and flexibly mounted equipment and machinery, appro- 
priate values of Cp shall be determined by a properly documented 
dynamic analysis, or by dynamic testing, using appropriate excita- 
tion spectra approved by HUD, Consideration shall be given to both 
the dynamic properties of the equipment and machinery and to the 
building or structure in which it is placed, 


2/ WHEN IN THE UPPER PORTION OF ANY BUILDING WHERE THE HN/D 
Barto Is +] OR GREATER THE CP VALUE SHALL BE INCREASED BY 
WHERE HN = HEIGHT IN FT, OF THE PART OF THE SYSTEM ABOVE 
THE BASE LEVEL OF THE BUILDING 


D = THE DIMENSION OF THE STRUCTURE IN FEET IN A 
DIRECTION PARALLEL TO THE APPLIED FORCE 
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HAIL LOADS 


The cover plates, lenses, and reflector surfaces of solar 
collectors shall be protected against or resist the per- 
pendicular impact of a single hailstone of the magnitude 
stipulated below falling at its terminal velocity. 


Hail size: D = 0.3d 
in which D = hailstone diameter, inches 


d = mean annual number of days with hail 
taken from Figure S-601-7 [1]. 


Terminal velocities for various hail sizes are given in 
Table S-601-7 [2]. Compliance with this provision shall 
be based on documented past hail loading performance or 
testing using the procedures described in NBS Building 
Science Series BSS 23 [3] or analytical procedures accept- 
able to HUD. 


Commentary: The correlation of hail size with mean annual 
number of days with hail was determined using data relat- 
ing the probability of occurrence of hail tele size 

to the number of days with hail (tabulated in Ref. [4]), 
and limited statistical information relating the local 
area covered by a hailstorm, and the regional area for 
whitch statistical data are compiled. hail size indi- 
eated has a 5% probability of being exceeded in any one 
year (estimated 29 year recurrence interval). The hail 
requirements in this section are based on available 
information which does not contain physical test data. 
Therefore, local hailstone loading performance should be 
considered in implementing the requirements of this section. 


The impact from the vertical terminal velocity is used as 
a measure of the effect of hail falling with or without 
horizontal wind. It is possihle that a larger impact 
could occur on surfaces sloped from 30° to 60° if the 
maximum particle diameter occurred simultaneously with 
nigh horizontal wind velocity perpendicular to the surface. 
Tt may be overly conservative for particles over 1.5" 
impacting on near vertical surfaces. However, due to the 
lack of information on this phenomenon and the low 
probability of its occurrence, it is assumed that the 
terminal velocity gives the best measure of impact force 
consistent with the present state-of-the-art. 
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The loadings specified in this section to determine 
collector performance closely parallel those that 
conventional asphalt shingles and built up roofing are 
expected to withstand for all but the mid-continent 
hail belt. 





{1] Baldwin, J.L., ‘Climates of the United States", U.S, 
Dept. of Commerce, Washington, D.C. (1973). 

[2] Mathey, R.C., ‘Hail Resistance Tests of Aluminum Skin 
Honeycomb Panels for the Relocatable Lewis Building, 
Phase II’', NBS Report 10193, National Bureau of Stand- 
ards, Washington, D.C, (1970), 

{3] Greenfield, H,, "Hail Resistance of Roofing Products", 
Building Science Series 23, National Bureau of Stand- 
ards, Washington, D.C. (August 1969), 

[4] "Storm Data", U.S. Dept. of Commerce, National Oceanic 
and Atmospheric Administration, Environmental Data 
Service (monthly periodical), 
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from: Baldwin, J. L., Climates of the United States, U.S. Department of Commerce, Washington, D.C., 1973. 
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Values of weight and terminal velocity in free fall computed for smooth 
ice spheres, 


Terminal 
Velocity 


ft/sec 





from: Mathey, R.C., "Hail Resistance Tests of Aluminum Skin Honeycomb 
Panels for the Relocatable Lewis Building, Phase II", NBS Report 
10193, National Bureau of Standards, Washington, D.C,, 1970. 
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S-601-8 DYNAMIC LOADS 


Dynamic loads resulting from sun tracking solar collectors 
or other moving equipment shall be taken into account in 
the design of the dwelling frame. 


S$-601-9 THERMAL DISTORTION 


Thermal distortion of the mechanical or structural com- 
ponents of the solar system shall not cause premature 
failure or degradation in system performance greater than 
the design limits. 


Thermal distortion of the solar system, including that 
occurring during periods of stagnation, shall not cause 
damage to the system or the supporting dwelling structure, 


Commentary: Expansion coefficient data for cover and 
absorber plate materials are listed in Appendix Tables 
B-1 and B-3, 


S-601-10 COLLECTOR COVER PLATES 


Deflection or local distress of cover plates resulting 
from the maximum design loading shall not allow the cover 
plate to become separated from the unit nor result in 
degradation in collector performance greater than the 
design limits. This shall be demonstrated by analysis 

or physical simulation, 


Commentary: Since wind can come from any direction, there 
will be maximum pressure (imard) loading for writs mounted 
on the windward side of an installation and maxima suc- 
tion (outward) loading for those mounted on the leeward 
side (unless shielding is provided), Depending on the 
installation, suction loading can, and often does, 

exceed pressure loading: hence; cover plate retainers 

must be adequately designed to prevent them from being 
separated from the collector frame or induce failure of 
the cover plate by suction loading, 
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$-601-11 CONNECTIONS OF COLLECTOR FRAMES AND/OR OTHER SUPPORT 
STRUCTURES 


When collector frames and/or other support structures 
are mounted on walls, roofs, or other weather resistant 
surfaces, distortion of the frame from imposed loading 
shall not cause penetrations or separations of these 
surfaces such that moisture leaks occur through the 
weather resistant surfaces. 


$-601-12 STORAGE TANKS 


§-601-12.1 Design and Fabrication | 


Storage tanks shall be designed and fabricated to stand- 
ards embodying principles recognized as good engineering 
design and fabrication practice for the materials used. 
These standards shall include those listed in Appendices 
C and E of the MPS and others as approved by HUD. 


Tanks containing soil or rock like materials shall be 
designed for lateral pressures in accordance with accepted 
principles of soil mechanics. 


$-601-12.2 Testing 


Each liquid storage tank shall be tested in accordance 
with section S-615-10.10 to prove that leakage does not 
occur, Storage tanks designed to contain only dry heat 
storage material need not be leak tested unless a safety 
hazard can result from a storage tank failure. 


S-601-12.3 Environmental and Vehicular Loading 


In addition to meeting the design, fabrication and test 
requirements, stipulated in the preceeding paragraphs 
of this section storage tanks shall meet the following 
loading requirements. 


$-601-12,3,1 Above Ground 
Unsheltered storage tanks shall resist loads resulting 
from snow, wind, hail, thermal, and seismic loading. 


Sheltered (completely enclosed) tanks need only resist 
seismic loading. 
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Underground 


Underground tanks shall resist soil and hydrostatic loads 
and foundation loads transmitted to them: and they shall 
be anchored to prevent flotation resulting from flooding 
or high ground water level when the tanks are empty. For 
sites subject to commercial traffic or heavy truck traffic, 
storage tanks shall resist the wheel loads transmitted 

to them as specified in AASHTO H20-44, with no impact, 

For areas subject to other vehicular or human traffic, 

the pertinent loads stipulated in section 601-4,3 of MPS 
4910.1 or 4920.1 shall be resisted, 


Commentary: The criterion specifies the level of vehicu- 
Lar traffie for which buried components should be designed 
in cases where heavy vehicular traffic is anticipated to 
occur in service for purposes of access, The H20-44 

truck is considered to be representative of load levels 
associated with heavy vehicles such as trucks for repair, 
maintenance, moving, and delivery of fuel. 
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DIVISION 4 


S-604 MASONRY 
S-604-1 GENERAL 


S-604-1.1 Termination Height of Masonry Chimneys 


Termination height of masonry chimneys shall be in 
accordance with NFPA 211. 


Commentary: The presence of solar equipment may intro- 
duce building components that are elevated above the 
roof surface more than is usually required, thus produc- 
tng wind disturbance at a higher level. The standard 

of NFPA 211 provides for proper clearance and separation. 
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DEVESTEOR 7 


S-607 THERMAL AND MOISTURE PROTECTION 
S-607-2 WATERPROOFING, DAMPPROOFING AND VAPOR BARRIERS 
S-607-2.1 Waterproofing of Storage Tanks and Reservoirs 


Underground thermal storage tanks and unsheltered above 
ground thermal storage tanks shall be waterproofed to 
stop water seepage into the tanks and tank insulation. 
See Section 607-2 of the MPS. 


S-607-3 BUILDING INSULATION 
$-607-3.1 Areas of Application 


Materials used for thermal insulation shall be in accord- 
ance with S-515-11 and may be applied to the following 
areas: walls roofs, ceilings, floors, pipes, ducts, 
vessels and equipment exposed to the external environ- 
ment. 


Exposed plastic foam (untreated or fire-retardant treated), 
Kraft-asphaltic vapor barrier on mineral and organic fiber 
insulations, and non-fire-retardant treated loose fill 
insulation shall not be permitted in habitable areas 

unless fully protected from the interior of the building 
by a thermal barrier of 1/2 inch gypsum wallboard having 

a finish rating of not less than 15 minutes or other approved 
material having an equivalent finish rating as determined 
at ASTM E 119, Thermal barriers shall be installed in a 
manner such that they will remain in place for a minimum 
of 15 minutes under the same test conditions. 


Installed insulation and vapor barriers shall not make 
contact with recessed light fixtures, motors, fans, 
blowers heaters flues and chimeys. Thermal insulation 
shall not be installed within 24 inches of the top or 
within 3 inches of the side of a recessed electrical fix- 
ture enclosure, wiring compartment or ballast unless 
labeled for the purpose. To retain loose fill insulation 
from making contact with other energy-dissipating objects, 
a minimum of 2 inches of air space should be provided and 
assured by the use of blocking. 
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S$-607-3.2 


Commentary: Although a degree of material combusttibi lity 
is allowed, the intent is to allow insulating materials 
which are not more combustible (or flammable) than exist- 
ing construction and insulation materials, and to preclude 
any increased fire hazard due to the retention of heat 
from energy dissipating objects. In areas where occupants 
are likely to be engaged in normal activities, the insula- 
tion should perform its intended fwiction without the 
increased risk of ignition, rapid flame spread and heat 
and smoke generation. Insulation in concealed spaces may 
be a particular fire problem due to its Susceptibility 

to smoldering and its inaccessibility for fire fighting. 


Insulation Values 


Insulation values may vary where they can be shown to 
improve the overall energy balance of the building. 


Commentary: Section 607-3 of the MPS was originally written 
to conserve energy or minimize the U-value of the exterior 
enclosure. For some solar systems it may be desirable to 
vary the U-value in order to collect useful energy and 
prevent it from escaping or, at least, to provide a com- 
promise U-value between the collection and loss of useful 
energy. An example might be a shuttered window which has 
single glazing. When the shutters are open the window 
collects energy and its U-value can be lower than those 
stated in 607-3. When the shuttere are closed the window 
concerves energy and the U-value would fall at or higher 
than those stated in 607-3. 
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4930.2 
DIVIS'T OR 3S 
MECHANICAL 
THERMAL DESIGN 
General 


The solar energy system shall be capable of collecting 
and converting solar energy into thermal energy, Solar 
thermal energy shall be used, in combination with a con- 
ventional auxiliary energy source and other components 
such as thermal storage or heat pumps to augment the 
system effectiveness to meet the standards and require- 
ments for space heating and domestic hot water set forth 
in Section 615 of the MPS, The system shall be capable of 
dissipating thermal energy where this function is included 
in the design, 


Commentary: The prediction of system performance should 
reflect the cwmlative degradation in components result- 
ing from environmental or system wear and deterioration. 
Solar energy systems for residential applications generally 
are capable of storing and providing thermal energy to meet 
at least the average 24 hour heating load for the peak 
heating month, The residential domestic hot water load 

ts generally considered constant throughout the year for 
Purposes of system design, 


Back-up 


The thermal energy contribution provided by solar energy 
shall be backed up 100 percent with an auxiliary thermal 
energy subsystem which will provide the same degree of 
reliability and performance as a conventional system, 


Commentary: The uncertainty in the availability of solar 
energy during inclement weather requires complete back- 
up of the solar energy contribution to meet comfort and 
hot water standards, 


System Capacity - Space Heating 

Auxiliary Energy Subsystem 

Heat load requirements used to determine the size of the 
auxiliary energy subsystems shall be calculated in accord- 


ance with the procedures and 97 1/2% design temperatures 
described in Section 615-3.1 of the MPS, 


6-25 





4930.2 


$-615-1.3.2 


Commentary: Uncertainties of +10 percent or more in the 
calculated heating load are tolerated in sizing the 
auxiliary energy subsystem. Thermal load programs should 
reflect the energy conserving features of the building 
construction and operation such as insulation, thermal 
windows, actual indoor temperature and night-time set- 
back. There are benefits tf the back-up method is 
designed to minimize the use of a utility supplied, on- 
line, auxiliary energy during peak load conditions. 


Solar Energy System 


a. The solar energy system size shall be based upon 
monthly average heat loads determined by a degree- 
day method using average monthly design temperature 
and conditions as the maximum analytical time 
interval. Hourly or daily simulation times may be 
used if detailed local solar radiation is available. 
Calculations of building heat loss for use in sizing 
the solar energy subsystem shall be performed for 
the full heating season using a method at least as 
sophisticated as described in Appendix A. 


Commentary: Since the methods of calculating heat 

losses and heat gain specified in 615-3.1 and 615-4.2 

of the MPS may not be detailed enough to predict the per- 
formance of the heating and cooling systems for build- 
ings using passive solar systems other approved methods 
may be used for making calculations for passive solar 
buildings. An example of the considerations and level 
of detailed analysia are presented in ASHRAE Standard 
90-75 "Energy Conservation in New Building Design". 


b. The solar energy contribution shall be determined as 
a percentage of the dwelling average annual space 
heating energy requirements. Analytical simulations 
or correlations based upon simulations combining the 
building heating load, solar system performance and 
climatic conditions shall be utilized to predict the 
average monthly and annual energy contribution to be 
provided by solar energy, auxiliary energy and elec- 
trical operating energy as illustrated in Appendix A. 


Commentary: Parametric studies have shown that a 
solar energy contribution of between 30 to 70% for 

an active system is generally optimum when cost bene- 
fits have been considered. Passive systems may con- 
tribute from 5 to 100% depending upon the relationship 
between tne demand/building/climate. 
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System Capacity - Domestic Hot Water Heating 


Auxiliary Energy Subsystem 


The auxiliary energy domestic hot water heating subsystem 
shall meet the minimum requirements for storage, draw 
and recovery shown in Tables 6-15.2 or 6-15.3 of MPS 
4900.1 and 4910.1 or Figure 6-15.1 of MPS 4920.1. 


Commentary: There are benefits if the back-up method is 
designed to minimize the use of a utility supplied, on- 
line, auxiliary energy service during peak load conditions, 
The minimum acceptable hot water storage is listed in the 
MPS but generally solar energy DHW systems have a larger 
storage capacity than the MPS requirements, 


Solar Energy System 


c. 


Determination of the average annual energy requirements 
for solar hot water heating applications shall be 
based on average monthly conditions as the maximum 
analytical simulation time interval to compare solar 
energy system performance with the load, 


Minimum daily usage shall be as indicated in Table 
S-615-1. 


Commentary: The design shall allow for the higher 
requirement where the potential increase in use existe. 


Minimum hot water supply temperature shall be 140 F 
except for Housing for the Elderly and Care-Type 
Facilities, For Housing for the Elderly and Care- 
Type Facilities temperatures are specified in Section 
615~-6.1 of MPS 4910.1 and 4920.1 respectively, An 
average source water temperature of 55 F shall be used 
for design purposes if local temperatures are unknown, 


Commentary: A residential DHW design temperature of 
140 F ts required by the MPS and is necessary to meet 
some appliance operating temperatures. Local source 
water temperature can vary from 45 to 75 P with climate 
region and season, Although hot water supply tempera- 
ture ts specified above, output from the solar collector 
tn preheat systems may be at a different temperature, 
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Table S-615-1 Daily Hot Water Usage (140 F) for Solar System Design 





Category One and Two Family Apts. of 2/ Apts. of 2/ 
Units 1/ and Apts. 20-200 Units over 200 Units 
up to 20 Units 





No. of People 2-8 38) 45 15 Vand --- aes 





No. of Bedrooms ee) 2 wae? § eoseee ee 





Hot Water/Unit 40 55 70 85 100 40 35 
(gal/day) 





1/ Assumes 20 gal. per person for first 2 people and 15 gal. per person for 
additional family members. 


2/ From: R.G. Werden and L.G. Spielvogel: “Part II Sizing of Serice Water 
Heating Equipment in Commercial and Institutional Buildings", ASHRAE 
Transactions, Vol. 75 PII, 1969 p. iv.1.1. 
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d. The solar energy contribution shall be determined as 
a percentage of the dwelling avérage annual DHW energy 
requirements. Analytical simulation or correlations 
based upon simulations including the load, solar 
system performance and climatic conditions shall be 
utilized to predict the average monthly and annual 
energy contribution to be provided by solar energy 
and auxiliary energy as illustrated in Appendix A. 


Commentary: Parametric studies have shown that a 
solar energy contribution of between 50 and 80% of 
the DHW load is generally optimum wen cost benefits 
have been considered. 


System Capacity - Combined Space and Domestic Hot Water 
Heating Systems 


The solar energy contribution shall be determined as a 
percentage of the combined dwelling average annual space 
heating and average annual DHW energy reauirements. 
Analytical simulations or correlations based upon simula- 
tions combining the space and DHW loads, solar system 
performance and climatic conditions shall be utilized 

to predict the average montnly and annual energy contri- 
butions to be provided by solar energy, electrical 
operation energy and auxiliary energy as illustrated in 
Appendix A. 


Environmental Conditions - Passive Systems 


Where normal building spaces are designed to be part of 
a solar energy collection, storage, distribution or con- 
trol system, indoor design conditions can vary as long 

as thev do not interfere with the normal use of a space. 


Design Air Temperature for Passive System 


The air temperature in areas that can be thermally 
isolated such as halls and storage, can be designed for 
fluctuations from 57 F to 83 F [1]. Other areas can be 
designed for fluctuation from 62 F to 78 F [1] provided 
there are provisions for bringing the air temperature up 
to design conditions required in section 615-3.1 of the 
MPS when the space is in use. 


{1] Grandjean, Etienne, 1973 "Ergonomics of the Home", Yew York, dalstead 


Press. 
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Commentary: The operation of a passive system is 
dependent upon temperature gradiants to get energy into 
and out of storage and to transport energy from one loca- 
tion to another. To accomplish this temperature differ- 
ences of at least 4 F to 6 F should be allowed ina 
completely ar system. T rature fluctuations are 
permitted ing non-use peri such ar ~*qht hours. 


S-615-1.6.2 Radiant Temperatures 


The temperatures of various surfaces in a living space, 
used as part of a passive solar system. shall not exceed 
the following values: 


Floors 78 F (1) 
Walls up to 6'-8" 84 F [1] 
Ceilings and walls above 6'-8" 115 F [2] 


Commentary: When a living space is used as a solar col- 
lector, occupants of that space may experience discomfcr: 
from direct solar radiation, from the longwave radiation 
emitted by the solar heated glass or from the floor or 
walls of the space. To achieve the required conditions, 
means of control may be necessary such as shutters, drap- 
erties or louvered ecreens. 


S-615-1.6.3 Draft 


The movement of air throu living space used to trans- 
port solar heated air in a , *save system shall not exceed 
70 FPM measured in the occupant zone. 


Commentary: See ASHRAE Standard 55-74. 


S-615-1.7 Protection Against Blockage of Fluid Flow 


The entire heat transport system shall be protected to 
prevent contamination by foreign substances that could 
impair the flow and quality of the heat transfer fluid 
beyond acceptable limits. 





[1] Grandjean, Etienne, 1973 "Ergonomics of the Home", New turk, Halstead 
Press. 


{[2] Flynn, John E. and Segil, Arthur W., 1970. "Architectural Interior 
Systems", New York, Van Nostrand Reinhold Co. 
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Commentary: The heat transfer fluid passages in solar 
collectors and some heat exchangers may have small cross 
sections in which blockage by dirt, scale, pieces of 
gasket material, pieces of packing or other foreign matter 
in the heat transfer fluid could occur. 


SYSTEM SHUTDOWN 
THE SHUTDOWN OF THE SOLAR HEATING OR DOMESTIC HOT WATER 
SYSTEM IN ONE UNIT OF A MULTI-FAMILY DWELLING SHALL NOT 


alae WITH THE FUNCTION OF THESE SYSTEMS IN AW OTHER 


ComENTARY: Ti#IS IS TO PERMIT THE SHUTDOWN OF EQUIPMENT 
IN AN INDIVIDUAL DWELLING UNIT FOR REPAIRS WITHOUT IMPAIR- 
ING THE OPERATION OF THE EQUIPMENT IN OTHER DWELLING 

UNITS THAT ARE CONNECTED TO THE SAME CENTRAL SYSTEM, 


Excess Collected Energy 


Provisions for dumping excess thermal energy shall be 
provided during the off-peak heating season when required 
for safe operation of the system. 





Commentary: For systems in which it is not practical to 
shut the collection system down, the excess energy can 
be transfered to the external environment using a heat 
exchanger or alternate methods. 
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COLLECTORS 
General Provisions 
Design Flow Rates 


When an array of solar collectors is connected by mani- 
folds, the design shall assure, or provision shall be 
incorporated in the manifolds and/or collectors to 
balance the flow rate through each collector, The varia- 
tion shall not exceed + 20% of the design flow range. 


Commentary: An available method of balancing air and 
liquid HVAC equipment is described in the National Stand- 
ards for Field Measurement and Instrumentation: Total 
System Balance, Vol, 2. No. 12173 (Associated Air Balance 
Council, 2146 Sunset Blud,, Los Angeles, California 90026), 
The method describes procedures and measurements, but 

does not establish standard balance values 


Tilt and Orientation 


The collector shall be installed in a mount capable of 
maintaining tilt and orientation to within + 10 degrees 
of design conditions, 


Commentary: A collector tilt angle equal to the latitude 
plus 10 to 15 degrees from the horizontal is generally 
used to provide maximum collection during the winter 
season for space heating applications, However, devia- 
tions of +t 10 degrees from this value, when using con- 
ventional flat plate collectors, will have little effect 
as tllustrated in Figure S-615-2.1 which shows, fora 
particular example, the effect on annual performance of 
variations of tilt angles for a collector facing south, 


A fixed collector tilt angle equal to the latitude or 
latitude +15 degrees for domestic hot water applications 
is typically used to favor winter heating requirements. 
This angle will tend to maximize the year-round perform- 
ance of domestic hot water heaters. 
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Conventional flat plate collector orientation should be 
such that the effective aperature generally faces south. 
However, deviations to the east or west by up to 20° may 
not result in a significant decrease in incident radia- 
tion as indicated by the example of the influence of air 
collector orientation on the solar fraction of total load 
shown in Figure S-615-2.2, Other weather conditions suca 
as oy we or evening fog may influence tie deviation 
from soutn, 


If the optimum tilt angle will seriously interfere with 
building desiqn requirements, or will impose extensive 
additional structural provisons, tradeoffs for less 
optimun tilt angles or relocation of tite collector wiere 
sis re) my tilt angle can be utilized should be con- 
sidered, 


The ortentation of concentrating type collectors is a 
function of the collector acceptance angle design and 
may require tracking wthin specific limits. 


Shading 


Shading of collectors shall be considered during the 
desien so that shading by trees, adjacent collectors or 
other obstructions is accounted for. 


Commentary: On east and west exvosures during tie entire 
year, and on south exposures during tie winter, tie solar 
altitude may be low enough to cause direct shading and 

a resultant loss in collection capability. A practical 
design goal is to limit the reduction in collected use- 
ful thermal energy during the month of peak load to 

less than 5%. 
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Figure S-615-2.1 An example of the effect of Collector Tilt for 
a particular System/Climate Combination. 1/ 
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Fraction of Total Heat from Auxiliary (%) 


a) -60 -0 ° » [7] rd 
South Cast 


Figure S-615-2.2 An example of the effect of Collector Orientation 
(45° Tilt) for a particular Collector/Climate 
Combination. 1 


1/ Balcomb, J.D., J.C. Hedstrom, B.T. Rogers, "Design Considerations of Air Cooled/ 
Collector Rock-Bin Storage Solar Heating Systems," presented at the 1975 ISES 
Congress, Los Angeles, California, 1 Aug. 1975. 
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Dirt Retention 


The cover plate(s) shall not collect or retain dirt to 
an extent that would significantly reduce its ability to 
transmit sunlight. 


Commentary: The possible collection and retention of 
dirt by the cover plate and the effect of retained dirt 

on collector performance may be significant. Tie reten- 
tion of dirt may depend on the surface characteristics 

and tilt angle of tne collector. Hainfall and snow melt 
are generally sufficient to keen the collector cover plates 
clean. If periodie serubbing is necessary for cleaning, 
the cover plates should be resistant to damage Sy abrasion 
resulting from the scrubbing. If te collector is 
ventilated, provisions should be made for exclusion of 
dust by appropriate filters. 


Cleaning 


In designs where the interior surfaces of collector glaz- 
ing and cover plates or absorber surfaces are not protected 
against accumulation of dust or dirt, provisions shall be 
made to allow cleaning of these surfaces as frequently 

as necessary to prevent a significant deterioration of 
collector performance. 


Commentary: On active collectors that are not hermeti- 
cally sealed or provided with air filters and in passive 
installations whien may rave large air plenuns behind 
glazed surfaces or combine solar collection with view 
provisions, accessability for periodic cleaning is 
essential to continued high solar transmittance. Selec- 
tive absorber surfaces must be kept clean as dust accwmu- 
lations can cnange their emittance characteristics. 


Ice Dams and Snow Build Up 


The design of solar buildings and systems shall provide 
for the possibility of formation of ice dams and snow 
build up. 


Commentary: In very cold climates, water flowing off a 
warm collector may freeze on cold surfaces immediately 
below it (such as exposed eaves), thereby forming an ice 
dam which can cause water to back up wider roofing or 
into the collector itself. This may be moderated by 
methods such as elimination of tre cold surface or 
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provision of an impervious surface such as continuous 
flashing. Snow sliding off a collector may pile up at 
the bottom and cover part of the collector. This would 
have a to reduce the efficiency of the collector 
and increase the possibility of thermal breakage of glass 
in the collector. This may be moderated by metaods such 
as the provision of space below the collector for snow 
pile up or by the installation of heating cables. 


Mud Splash 


The design of solar buildings and systems shall minimize 
the possibility of mud splash on collector surfaces. 


Commentary: Water mmning off collectore located close 
to the ground can cause mud splashing to coat portions 
of the collector and reduce its efficiency. Remedies 

to this include: easy access for cleaning, position of 
collectors elevated sufficiently to avoid splashing, or 
provisions of gutters or splash free material at tae base 
of the collector. 


Protection Against Thermal Shock and Pressure 


Collectors shall not be damaged or adversely affected by 
extreme temperature and pressure that could occur by 
thermal shock resulting from sudden environmental or fluid 
flow changes. 


Commentary: Thermal shock could result from tie passage 
of hot fluid through a cold collector or cold fluid 
through a hot collector during start-up. The designer 
should either assure that the materials used in tie col- 
lector can withstand the extreme temperatures and pres- 
sures or provide temperature and pressure relief from 
thermal cycling or shock, See S-615-14. 


Moisture Build-up Control 


Means shall be provided to prevent moisture build-up in 
collectors to an extent that would reduce collector per- 
formance below allowable design limits. 


Commentary: Moisture build-up in the collector can soak 
insulation and reduce its effectiveness, leach alkalies 
out of fiberglass insulation and hasten its degradation, 
lead to chemical attack on absorber plates and cause con- 
densation on cover plates. 
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Depending on the design, the likelihood of condensate 
forming on the interior surface(s) of the cover plate(s) 
may be high, Desiceants in breather tubes or breatier 
plugs can be used to maintain a dry environment. ‘The 
destecants should be located in such a way that they 
are not in contact with the collector plate and it is 
destrable that they be capable of regeneration by solar 
energy as the collector builds temperature. 


One additional potential problem with collectors is that, 
in industrial atmospheres, the introduction of pollut- 
ants in condensate solution may cause permanent etching 
of the underside of the cover plate(s) or chemical 
attack of the absorber over a period of time. Such 
etching can permanently reduce the transmittance. When 
this possible condition exists, design considerations 
must be given to avoid the problem. 


Access to Components 


If routine maintenance or repair of collector components 
is anticipated, the collector shall be designed to permit 
easy access to those components, 


Commentary: Some materials such as rubber hoses, joint 
sealants, exterior coatings, ete, may have to be replaced 
periodically, Also, in some geographic locations, the 
cover plates may have to be cleaned occasionally, If 
materials in the collector are likely to be replaced, 
repaired or maintained within the design life of the 
collector, itt ts important to provide easy access to those 
materials, 


Openings 


All openings in the collector enclosure shall be pro- 
tected to prevent the entry of insects and vermin, 


Collector Thermal Performance 


General 
This section is intended to cover component and integral 


collectors which can be flat plate, concentrating, reflec- 
tor aided, fixed or tracking types. 


6-37 


4930.2 


$-615-2,2 2 


$-615-2,2,3 


Collector: Component 


This type collector can be characterized as a component 
for an active solar system requiring the use of powered 
mechanical equipment to move the heat transfer fluid 
(liquid or gas) through the collector, The collector 
thermal performance shall be based upon the slope-inter- 
cept method of expressing efficiency for the range of 
operating conditions including solar power density, heat 
transfer fluid temperature, ambient temperature, wind, 
solar radiation incident angle, and flow rates, to be 
used in the design, 


Commentary: The collector performance characteristics 

can be measured using the ASHRAE test method 93-77 [1] 

for rating solar collectore or any other method demon- 

strated to have an overall limit-of-error of less than 
+ 5%, Thies method provides sufficient efficiency versus 

operating condition data to construct a curve normalized 

for insolation and temperature difference between ambient 

and heat transfer fluid temperature. Curves for typical | 
flat black and selective coated abosrber panels with one 

and two covere are shown in Appendix A for atr and water 

collectors, Collectore with other geometric, optical or ) 
thermal characteristics may require additional teste to 
fully describe their thermal performance for all environ- 
mental and operating conditions. The operating electrical 
power is recorded and reported during all tests, 


Collector: Combined With Storage 


This type of combined component system can be characterized 
as an active system with integral construction and opera- 
tion of the components such that the solar radiation col- 
lection and storage phenomena cannot be measured separately 
in terms of flow rate and temperature changes. The system 
thermal performance is determined by the short term (1 to 3 
days) collection and storage of thermal energy obtained 
from solar radiation and the amount of useful energy 
delivered to the load from storage for part and full load 





[1] ASHRAE Standard 93-77, "Methods of Testing Solar 
Collectors Based on Thermal Performance", American 
Society of Heating, Refrigerating and Air-condition- 
ing Engineers, Inc,, 345 East 47th Street, New York, 
N.Y, 10017, 
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conditions, Experimental performance data, in terms of 
heat collected and stored or delivered to load, shall 
be provided for the design conditions including solar 

power density, heat transfer fluid temperature, ambient 
temperature, wind, solar radiation incident angle, and 


_flow rates, The daily and average test period electrical 


operating requirements are reported with system performance, 


Commentary: Although a consensus test method to rate and 
evaluate these systems does not exist, the efficiency in 
terms of converting incident solar energy into useful 
thermal energy can be measured and reported as a function 
of the specified operating conditions, 


Passive: Integral Collector, Storage and Building System 


A passive integral collector system can be characterized 

as one in which the collector and storage components are 

an integral part of the building, Auxiliary energy may 

be used for control purposes but heating is generally 
achieved by natural heat transfer phenomena. The thermal 
performance of a passive, integral collector system can be 
obtained from a detailed simulation analysis of the climate, 
building thermal properties and occupancy thermal influence, 


Commentary: Roof ponds, modified walls, roof sections 
with sky lights, or similar applications where solar 
energy ts used to supply a significant fraction of the 
butlding heating requirements, are examples of passive 
integral collectors, 


A more detailed simulation of solar heating, buildi 
thermal capacitance and thermal energy control mst be 
tneluded in the traditional building load determination 
programs for the design and evaluation of a passive inte- 
gral solar system. Experimental evaluation of the system 
performance includes measurement of the climatie condi- 
tions, auxiliary energy use and comfort level for in 
fictent periods to account for building thermal 

tance effects (minima of 7 days and, preferably, month Ly 
or seasonal), 
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Passive: Component (Thermosyphon) Systems 


This type collector can be characterized as one in which 
the collector is a separate component to collect, convert 
and transfer the thermal energy. The thermal performance 
of individual collector panels can be obtained from pro- 
cedures described in Section S-615-2.2.2 for active col- 
lectors. System performance is obtained from measurements 
of incident solar energy and hot water delivered to the 
load for extended periods to determine monthly averages. 


Commentary: A thermosyphon water.heating system ia an 
example of the lication of a passive component type 
collector whese Cie hot water circulation resulte from 
the change in density of the fluid with temperature. 


The movement of a heat transfer fluid by natural convec- 
tion is achieved by relatively low pressure differentials. 
Therefore, it is necessary that ptpe or duct size, shape, 
distance and elevations are considerer ‘n predicting the 
ik om pe based upon individual col tor panel test 

ta. 


MECIIANICAL SUPPORTING DEVICES 
Pipe Hangers and Supports 


Pipe hangers and supports shall be installed in accord- 
ance with the prevailing model plumbing code having 
jurisdiction in the area. 


VALVES 
Gate valves or similar valves that open to nearly full 


pipe bore shall be used for shutoff valves. Globe ball 
or similar valves shall be used for flow control, 
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S-615-5 PUMPS AND FANS 
S-615-5.1 Applicable Standards 


a. Pumps shall be installed in accordance with the 
requirements of the Hydraulic Institute. [1] 


b. Fans shall be installed in accordance with the 
recommendations of the ASHRAE Guide or applicable 
manuals of NESCA and SMACNA. 


c. All moving machinery shall be protected and guarded 
to comply with the current safety standards of ANSI 
B15.1 if such machinery is exposed to other than main- 
tenance personnel. 


S-615-6 MECHANICAL VIBRATION ISOLATION 


S-615-6.1 General Requirements 


All operating mechanical equipment shall be isolated by 
suitable piping or duct connections and where necessary 
by isolation pads or foundations to prevent transmission 
of noise or vibration. The dwelling shall be free of 
objectionable sound as required in HUD circular 1390.2, 
"Noise Abatement and Control". 


Equipment conforming to other sound level criteria refer- 
enced in these standards shall also be acceptable. 


S-615-7 THERMAL STORAGE 
S-615-7.1 General 


This section applies to sensible and latent heat type 
thermal energy storage devices using gas or liquid as the 
heat transfer fluid and liquid or solid as the heat storage 
medium. The storage medium can be contained in a separate 


[1] “Hydraulic Institute Standards for Centrifugal, Rotary 
and Reciprocating Pumps", Thirteenth Edition, 1975. 
The Hydraulic Institute, 1230 Keith Building, Cleveland, 
Ohio 44115. 
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enclosure, stored at more than one temperature, or can 
be a part of the building structure. 


Commentary: Some typical storage subsystem arrangements 
are shown in Appendix C. 


The interaction between storage temperature and collector 
operating efficiency met be considered in the location 
and operation of the auxiliary energy source. Auxiliary 
ene supplied to the storage mediun directly can result 
in decreased system efficiency. Designs which enhance 
normal storage temperature gradients and control the 
heat transfer fluid mixing, which use utility supplied, 
on-line, energy during peak load conditions or whtch use 
solar assisted heat pumps may influence storage tempera- 
ture or operation. 


Applicable Standards 


Thermal storage shall comply with the design standards of 
MPS Section 615 and the applicable recognized standards 
given in MPS Appendicies C and E. 


Thermal Storage Requirements 
Space Heating 


The thermal energy storage capacity for space heating 
shall not be less than 500 Btu per square foot of solar 
collector area for an active system. The thermal energy 
storage capacity of space heating shall be not less than 
1000 Btu per square foot of collector area for a passive 
system. (The capacity shall be based upon a temperature 
difference determined from the lowest temperature that 
useful heat can be extracted from storage and the highest 
practical storage temperature.) 


Commentary: A relationship between the load fraction 
supplied by solar energy to the storage capacity for 
liquid and air applications is presented in Appendix A. 
Since system efficiency is affected by storage t rature 
and capacity, storage capacity requirements less t those 
stated may be justified in terms of the effect on system 
efficiency, The storage heat capacity for integral 
(passive) systems is a function of the thermal coupling 
between storage and the load but, because of usual lwer 
storage temperatures, a larger heat capacity is desired. 
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S-615-7.3.2 Domestic Hot Water Heating 


The solar thermal energy storage for preheating domestic 
hot water shall have a volume capacity not less than the 
number of gallons shown in Tables 6~-15,2 or 6-15.3 of MPS, 
4900.1 or 4910.1 or Figure 6-15,1 of MPS 4920.1. 


Commentary: Although it is possible to design a hot 

water storage container with large temperature gradients 
permitting the auxiliary energy source to be incorporated 
tn the same container, tt is preferred to add the auxiliary 
energy after the water has been removed from the solar 
heated container. 


$-615-7.3.3 Combined Space and Domestic Hot Water Heating 


The thermal energy storage capacity for a solar energy 
system providing thermal energy for both space and domes- 
tic hot water shall not be less than 500 Btu per square 
foot of solar collector area. 


Commentary: Since system ef ficiency ts affected foie 
storage temperature and capacity, storage capacity 
requirements less than those stated may be justified in 
terms of the effect on system efficiency. 


S-615-7.3.4 Thermal Energy Loss 


The thermal energy loss from storage containers located 
outside the heated dwelling shall not exceed 10 percent 
of the maximum operating thermal energy capacity over an 
average 24 hour winter design day. 


Commentary: Thermal energy losses within the heated 
dwelling will contribute to the heating requirements. 
However, losses during the swnmer operation could add 
to cooling requirements and should be accounted for in 
the design. Calculations of the thermal loss from tanks, 
piping, and valves can be performed using average fluid 
and ambient temperatures and thermal insulation conduc- 
tivity valves with procedures described in the ASHRAE 
Handbook of Fundamentals. 
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Tank Drainage 


Each tank shall be provided with means of emptying the 
liquid. Each tank located above grade or floor level 
shall be provided with a valved pipe at its lowest point 
to permit emptying the tank, Each buried tank, including 
tanks with a solid storage medium, shall have provisions 
for utilizing a pump or siphon or other means to allow 


emptying. 


Commentary: Buried storage tanks containing solid storage 
media may be subject to leakage or flooding; means should 
be provided to remove this water, 


Tank Filling 


Tanks of large capacity should have an indicator or other 
means for determining that the tank is full. Tanks shall 
have overflows with outlets located so that spillage will 
not run into the building structure or damage the premises. 
Tanks that do not contain potable water but require make 
up water from the potable water system shall be filled 

by way of an air gap or other means acceptable to the 
administrative authority having jurisdiction. 


Inlet and Outlet Location 


The inlet and outlet piping or ducts for thermal storage 
shall be located in the container to prevent thermal 
"short circuiting" of the fluid flow. 


Commentary: The collector performance is a function of 
the fluid temperature, therefore, the storage-to-collector 
fluid outlet should be located in the coldest portion of 
the container such as the lower 5% of a vertical liquid 
tank. The inlet should be located in the warmest storage 
volume such as the upper 5% of the tank. Inlets and 
outlets of liquid containere should be installed to 

tde flow parallel to the top and bottom of the tank, 
respectively, to minimize mixing. 


Auxiliary Energy Location 


Auxiliary energy heating elements or the inlet of heat 
transferred from auxiliary energy sources to the inside of 
storage devices shall be located in the warmest practical 
area of the container, 
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Commentary: In designs where it ts possible to add 
auxiliary energy to storage, the configuration should be 
designed to maintain the collector inlet temperature as 
low as possible, 


Pebble Bed Storage Design 


The size, shape and cleanliness of pebbles, when used for 
storage, shall be considered in designing the thermal 
performance and pressure arop. 


Commentary: The effectiveness of pebble bed storage is 
related to the specific heat and thermal conductivity 

of the pebbles and the configuration of the container to 
achieve a temperature gradient through the bed. Clean, 
amooth pebbles are desired to facilitate the passage of 

air and minimize maintenance. Additional design consid- 
erations and typical performance data has been reported [1). 


Protection Against Maximum Temperature, Pressure and Vacuum 


Thermal storage shall be protected against maximum tempera- 
ture, pressure and vacuum in accordance with the provi- 
sions of S-615-14.1. 

HEAT TRANSFER FLUIDS 

Toxic and/or Combustible Fluids 

General 

Requirements for handling nonpotable heat transfer fluids 
are discussed in Sections $-615-9, Waste Disposal: S-615-10, 
Plumbing; and S-615-12, Heat Exchangers, of this document. 
Detection of Toxic and/or Combustible Fluids 

If toxic or combustible heat transfer fluids are used, 


means shall be provided for the recognition of leaks and 
thus the warning of occupants when leaks occur. 





[1] ASHRAE Publication, “Applications of Solar Energy for 
Heating and Cooling of Buildings”, GRP 170. 
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Commentary: These substances may be treated in a manner 
stmilar to antifreeze and gases when providing for tell- 
tale indicators. For instance, antifreeze agents, such 
as ethylene glycol, may be treated with non-toxic dyes 
which distinguish them clearly, Furthermore, if any 
such materials are to be stored on the premises, they 
should be stored in containers which are labeled in 
accordance with the Federal Hazardous Substances Act and 
be protected from easy opening by children e.g., child- 
proof lids. Safe storage locations should be provided. 


Identification 


Drains and other designated fluid discharge or fill points 
in solar systems at which toxic, combustible, high tem- 
perature or high pressure fluids may be discharged shall 
be labeled with a warning describing the identification 
and hazardous properties of the fluid, instructions con- 
cerning the safe handling of the fluid, and emergency 
first aid procedures, 


Commentary: The original fluid containers will frequently 
be discarded after system is charged which putiaceentt 
tn no record of the fluid's properties being retained, 

The system drain is the point at which the owner or ser- 
vice personnel are most likely to contact the heat transfer 
fluid and permanent labeling should be retained at that . 
point, Identification may be provided by attaching a tag 
containing the required information such as may be supplied 
by the heat transfer fluid manufacturer. 


WASTE DISPOSAL 


Catchment 


Systems utilizing other than air or potable water as a 
heat transfer fluid shall provide for the catchment and/or 
harmless removal of these fluids from vents, drains or 
re-charge points as approved by local administrative code 
authority. Potable water shall be discharged to suitable 
drainage systems connected to the building or site drains. 
See MPS Section 615-9, 
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$-615-9 .2 Provision of Containment for Discharge Treatment of Toxic 
and/or Combustible Fluids 


Adequately sized and protected receptacles shall be pro- 
vided when toxic and/or combustible fluids are used in 
order to collect and store the overflow from: pressure 
relief valves, liquids drained from the system when it is 
being serviced, and identifiable leakage. Provisions of 
MPS Section 615-4.4 (Section 615-4.5 in MPS 4920.1) shall 
be applied. 





Commentary: When a toxic heat transfer fluid is used 
(See Section S-515-8.2), a catch basin must be provided. 
It mst be sufficiently large to accept dilution as 
required by MPS Section 615-9 before disposal. 


If the diluted medium is biodegradable through conven- 
tional sewage treatment, the diluted medium ts to be 
flushed into the sanitary sewer system (not the storm 
sever system). Consideration should be given to the 
effect of flushing solar systems on the "Basic Design 
Loading" for savage treatment, Section CS 603, HUD Hand- 
book 4949.3, "4inimum Design Standards for Commmnity Sewage 
Systems". 


S-615-10 PLUMB ING 


S-615-10.1 Handling of Nonpotable Substances 


Potable water supply shall be protected against contami- 
nation in accordance with the prevailing model plumbing 
code having jurisdiction in the area, as well as the 
requirements which follow. 


S$-615-10.1,1 Separation of Circulation Loops 


Circulation loops of subsystems utilizing nonpotable 
heat transfer fluids shall either be separated from the 
potable water system in such a manner that a minimum of 
two walls or interfaces is maintained between the non- 
potable liquid and the potable water supply or otherwise 
protected in such a manner that equivalent safety is 
provided. 
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Commentary: Double wall heat exchanger designs are one 
way of meeting the intent of this criterion. When double 
wall heat anger designs consisting of two single wall 
heat exchangere in combination with an intermediary pot- 
able heat transfer liquid are used, leakage through one 
of the walls would result in a single wall configuration. 
Although this design is considered to meet the intent of 
this criterion, there are several other designs that 
avotd this problem, 


The use of single wall configurations which solely rely 
upon potable water pressure to prevent contamination is 
not considered to be an acceptable solution, Similarly, 
extra thick single walls are not considered to meet the 
tntent of this criterion, 


For approval of other than double wall designs, the pro- 
cedures described in S-101 should be utilized. 


Identification of Nonpotable and Potable Water 


In buildings where dual fluid systems, one potable water 
and the other nonpotable fluid, are installed each 
system may be identified either by color marking or metal 
tags as required in ANSI Al3,.1-1956 [1] or other appro- 
priate method as may be approved by the local administra- 
tive code authority. Such identification may not be 
required in all cases, 


Backflow Prevention 


Backflow of nonpotable heat transfer fluids into the 
potable water system shall be prevented in a manner 
approved by the local administrative code authority. 


Commentary: The use of air gaps and/or mechanical back- 
preventers are two posstble solutions to this pro- 
blem. The following are some recognized standards that 
may be acceptable to the local administrative code 
authority: Complete titles are given in Appendix E. 


{1] Scheme for the Identification of Piping Systems, 
ANST Al13,.1~-1956. 
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Air gaps - ANSI-A112.1.2 

Backflow preventers - FCCCHR Chapter 10 
IAP4O PS 31-74 
AWWA C506-69 


A.S.S.E. 1011 
A.S.S.E. 1012 
A.S.S.E. 1013 
A.S.S.E. 1015 
A.S.S.E. 1020 
ANST-A112.1.1 


S$-615-10 .2 Pipe Sizing 
Pipe sizing shall be in accordance with recognized methods. 


$-615-10.3 Expansion and Contraction 


Provisions for expansion and contraction without undue 
strain or distortion shall be made as required by means 
of offset branches, expansion compensators, or flexible 
pipes. Piping shall be adequately supported to prevent 
undue strain on the flexible pipes and branches. 


$-615-10.4 Protection Against Maximum Temperature, Pressure and Vacuum 


Systems shall be protected against maximum temperature, 
pressure and vacuum in accordance with the provisions 
of S-615-14.1. 


$-615-10.5 System Drainage 


Liquid systems shall be designed so that complete isola- 
tion and drainage of all system components, piping, or 
storage tanks can take place in a reasonable length of 
time for maintenance purposes. See S-615-7.4, Tank 
Drainage. 


$-615-10 .6 Protection from Scalding 


All domestic hot water systems shall be equipped with 
means for limiting temperature of the hot water for 
personal use at fixtures to 140 F. 
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S-615-10.7 Provision of Valves and Fittings 
$-615-10.7.1 Shutoffs 


All domestic water heaters and water heating systems shall 
be valved to provide shutoff from the cold water supply 
systems. 


$-615-10.7.2 Water Hammer Arresters 


When a liquid is used as the transfer fluid in a solar 
energy system and quick-closing valves are employed in 
the design, the piping system shall be able to control 
or withstand potential "water hammer". Water hammer 
arresters shall be in compliance with local codes. 


S-615-10.7.3 Air Bleeds 


When liquid heat transfer fluids are used in solar heat- 
ing systems, the systems shall be provided with suitable 
means for air removal. 


S-615-10.8 System Cleaning 


After completion of piping tests and after all equipment 
has been installed, the entire liquid systems shall be 
thoroughly flushed to remove sediment, dirt and loose 
scale, etc. Strainers shall be cleaned or replaced. 
During the flushing of the system, the collectors must 
be disconnected or bypassed to preclude passage of debris 
through the collectors. 


S-615-10 ,9 Expansion Tanks 


Adequate provisions for the thermal expansion of solar 
heat transfer and storage liquids that would occur over 
the service temperature range shall be incorporated into 
the solar heating system design. 


Expansion tanks shall be sized in accordance with the 
recommendations of ASHRAE Guide and Data Book. 


$-615-10 .10 Leak Testing 
S-615-10.10.1 Pressurized Tanks and Systems 
Those portions of heating systems which contain liquid 


heat transfer fluids and are not directly connected to 
the potable water supply shall not leak when pressures 
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$-615-10 ,12 
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of not less than 1-1/2 times their design pressure are 
imposed for a minimum of 15 minutes [1]. The pressure 
shall be gradually applied and sustained for a sufficient 
length of time to permit examination of all pipe joints 
for leakage. Those portions of the system using domes- 
tic hot water shall not leak when tested in accordance 
with the code having jurisdiction in the area where the 
system is used, In areas having no building code, a 
nationally recognized model code shall be used [1]. 


Non-Pressurized Tanks 


Non-pressurized tanks shall be tested visually for leaks 
by filling tanks with water, 


Commentary: A hydrostatic test pressure of 1-1/2 times 
design pressure ts considered a standard test pressure 
for a pressurized system [2]. For most applications, clear 
water ts used. The temperature of the water should be 

no lower than that of the ambient atmosphere. Otherwise, 
sweating will result and proper examination will be 
difficult. In environments where freezing may occur, 
antifreeze or hydrocarbons may be added to keep the water 
from freezing. Bleeder valves or petcocks should be 
provided at the highest point or points in the system to 
permit venting of all air in the piping during the fill- 
tng operation [2]. Automatic vents mst be protected 
from freezing. 


Discharge of Liquids 


Relief valves shall be piped to discharge to locations 
acceptable to the local administrative code authority 
having jurisdiction, 


Location of Exposed Piping 


Piping and equipment shall be located so as not to inter- 
fere with normal operation of windows, doors, or other 

exit openings and so as to prevent damage to piping, equip- 
ment, or injurv to persons. 


[1] "The BOCA Basic Plumbing Code", "Southern Standard 
Plumbing Code", "The Uniform Plumbing Code", and 
"The National Plumbing Code", 


(2] "Piping Handbook", Remo C, King and Sabin Crocker, 
McGraw-Hill Book Company, 5th Edition, 
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S-615-10 . 13 


S$-615-10,14 


$-615-10,15 


S$-615-10.15.1 


$-615-10.15,2 


Underground Piping 


Underground water service piping shall be installed in 
accordance with the provisions of Section 615-5.3 of the 
MPS, Underground heat distribution piping shall be 
installed in accordance with Section 615-5.3 (k) of the 
MPS, 


Treatment of Water 


When make-up water is of such a quality that excessive 
corrosion or scaling is known to exist, a suitable water 
treatment system as recommended by the Water Quality 
Foundation shall be provided. 


Commentary: The use of small water passages in collectors 
and heat exchangers makes them susceptible to plugging 
and any size water passage may be subject to reduction 

in heat transfer from the precipitation of salts or 
corrosion products. 


Freeze Protection 


For systems subject to freezing of the heat transfer fluid, 
freeze protection by draining, circulation of an anti- 
freeze agent or other means shall be provided. 


Draindown Freeze Protection 


In draindown systems, if drainage of heat transfer fluid 
to the thermal storage tanks is intended, the storage 

tank shall be sized adequately to accommodate it. See 
$-615-7,3,1 and S-615-10.2. System designs incorporating 
automatic drainage of heat transfer fluid to storage 

to prevent freezing of the fluid in solar collectors shall 
not be constructed of materials which corrode in the 
presence of air or shall be suitably protected. 


Commentary: One means of preventing corrosion during 
system drainage would be by introducing an inert gas 
such as nitrogen, 


Draindown Venting 
In draindown systems, provisions for venting of collector 
panels and manifold lines shall be provided as required 


to allow refill of the collector system without air 
entrapment, 
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Commentary: Operation and maintenance of draindown vent- 
ing must be compatible with venting for normal fo taal 
Draindown venting may loy either venting to atmos - 
phere or pressurized me with valves and holding 
tanks which automatically accomplish the refilling and 
venting. 


AUXILIARY ENERGY SYSTEMS 


Commentary: The auxiliary energy subsystem may be inte- 
grated directly into the solar energy system, or it may 
be completely s ate from it, and contain its own means 
for delivery of heat and/or hot water to the building. 


Applicable Standards 


Heating and domestic hot water systems shall comply with 
the design standards of MPS Section 615 and the applicable 
recognized standards given in MPS Appendices C and E, 


Heat pumps shall be installed in compliance with the 
requirements of ANSI B 9,1-1971, "Safety Code for Mechan- 
ical Refrigeration" (ASHRAE); ANSI B 191,1-1976, "Standard 
for Heat Pumps" (UL 559); ARI Standard 240, “Standard for 
Unitary Heat Pump Equipment" (1975); ARI Standard 260, 
"Standard for Application, Installation, and Servicing of 
Unitary Systems" (1967): and tested in accordance with 

the procedure outlined in ASHRAE Standard 37-69, "Method 
of Testing for Unitary Air Conditioning and Heat Pump 
Equipment", 


System Interconnection 


The interconnections of the auxiliary energy system to 
the solar energy system shall be made in a manner which 
will not result in excessive temperature or pressure in 
the auxiliary system or in bypassing of safety devices 
of the auxiliary system, 
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S-615-12 HEAT EXCHANGERS 


$-615-12,1 Sizing 


a. A heat exchanger when used in conjunction with the 
solar collector and storage shall be evaluated for 
its effectiveness in transferring heat from the col- 
lector to storage. The heat exchanger effectiveness 
is expressed by: 


Ee = (they). (ty - ty) /(the 4, (t, - ©) 
where 


= (the,) = the minimum fluid capacitance rate 
min “ymin of the collector (C.) or storage (C,) 
Cy = (tic) = fluid capacitance rate in the flow 
S circuit between storage and the collector 
heat exchanger 
Cc. = (mte,) . = fluid capacitance rate in the flow 
circuit between collector and the 
collector heat exchanger 
storage temperature (F) 
collector outlet temperature (F) 
collector inlet temperature (F) 
effectiveness of the collector - storage heat 
exchanger 
th = flow rate of the working fluid (1b/h) 
°* fluid specific heat (Btu/lb+ F) 


ad 
setae 


Commentary: Diagrams of typical locations and a dis- 
cussion of heat exchangers are presented in Appendix A 
and C. Calculation methods for heat exchanger perform- 
ance are described in the ASHRAE Handbook of Fundamentals. 
A minima effectiveness value of 0.7 is a typteal value 
that is used. Thies value was used in the correlation 
studies which provide the basis for the Appendix A 
caleulation method. 
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b. The load heat exchanger heat transfer rate shall be 
selected such that the ratio of the heat exchanger 
effectiveness times the minimum capacitance rate to 
the total heating load is between a value of 1 and 3. 
This dimensionless parameter and relationship is 
expressed by: 


er = Effectiveness of load heat exchanger 
UA = Building heat loss factor (Btu/h F) 


Commentary: The load heat exchanger effectiveness 
can degrade the system performance if tne heat trans- 
fer rate is not sufficiently large. Oversizing tne 
neat exchanger results in unused capacity. 


Protection Against Maximum Temperature, Pressure and Vacuum 


leat exchanger shall be protected against maximum tempera- 
ture, pressure and vacuum in accordance with the provisions 
of S-615-14.1. 


AIR DISTRIBUTION 
Applicable Standards 


Design of all warm air heating systems shall be in accord-- 
ance with applicable recommendations of tive ASiIRAE Guide, 
and manuals of iiZSCA and ARI. Installation shall comply 
with NFPA Standards 903, 31 and 54. 


Commentary: Duet work should be destaned for the shortest 
practical run and elbows siiould be kept to a minim. Con- 
strictions siould be avoided. 


Dust and Dirt Prevention 


Duct and fan systems siall be protected against accumula- 
tion of deposits of dust or dirt that could reduce flow 
and efficiency in addition to creating a potential healtia 
hazard when admitted into occupied spaces. Air filters 
are required on tie outlet side of rockbed storaze in 
active systems, 
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S-615-14 


$-615-14,1.1 


Commen : ‘The 1 used for rockbed storage with air 
oueenent te estevted for size and freedom from dirt and 
dust, Therefore, smooth and washed material combined with 
the use of filtered air is desirable to provide a main- 
tenance free, clean distribution system, Fan grilles 
should be removable or hinged to permit access to the 

fan and motor for cleaning, servicing, replacement or 
repair. 


CONTROLS AND INSTRUMENTATION 
Fail-Safe Controls 


The control subsystem shall be designed so that in the 
event of a power failure, or a failure of any of the 
components in the subsystem, the temperatures and/or 
pressures developed in the H and DHW systems will not 
be damaging to any of the components of the systems and 
the building or present a danger to the occupants, The 
safety devices shall meet the requirements of Section 
515-6.4 of the MPS and be demonstrated to be adequately 
safe and protected for the intended application. 


Automatic Pressure Relief Devices 


Adequately sized and responsive pressure relief devices 
shall be provided in those parts of the energy transport 
subsystem containing pressurized fluids, A pressure 
release device shall be provided in each portion of the 
system where excessive pressures can develop, Each sec- 
tion of the system shall have a pressure relief device 

so that no section can be valved off or otherwise isolated 
from a relief device, Automatic pressure relief devices 
shall be set to open at not more than the maximum pres- 
sure for which the subsystem is designed. 


Relief devices shall drain to locations in accordance 
with Section S-615-9,1 


Commentary: Care should be taken in the design and lay- 
out of the fluid transport system to prevent conditions 
in which locally excessive pressures are devel asa 
result of flow restrictions, Precautions must taken 
to assure that heat transfer liquids do not discharge on 
asphalt base roofing materials or other types of roofing 
or locations which may be hazardous, cause structural 
rn 2 Pan finish discoloration, or damage to plant 
ruacs, 
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Vacuum Relief 


The solar energy system, including collectors, pipes, 
tanks, and heat exchangers shall be protected against 
possible collapse by design or by provision of vacuum 
relief valves. 


Commen : System components may be subjected to col- 
lapse if heating system leakage were to occur or tf the 
system were drained without venting. 


Collector Thermal Shock 


Automatic flow control valves shall be provided for 
collectors unable to withstand temperature shock. 


Identification and Location of Controls 


Main shutoff valves and switches shall be conspicuously 
marked and placed in a readily accessible location, in 
the same manner as electrical service panels, in accord- 
ance with Section 240.24 of NFPA 70, and MPS, Section 616. 


Indirect Water Heaters 


Indirect domestic water heater installations shall include 
operating controls for the heat source, of the type 
recommended by the boiler manufacturer. The installation 
shall be made in accordance with the boiler manufacturer's 
instructions. 


Efficient ration (Active Systems 


Automatic control of the heat transfer fluid circulation 
between the collector and storage or load shall be used 
to limit operations to conditions when useful energy can 
be collected. Designs utilizing collector flow as a fail- 
safe method shall employ override controls as required. 


Commentary: The collector circulation in liquid systems 
is normally limited to conditions when the absorber plate 
temperature is greater than the storage or load tempera- 
ture by a At of 10 F for start-up and a At of 3 F for 
shutdam. A larger At may be used for air systems depend- 
ing upon the circulating fan electrical power requirements. 
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S-615-15.1 


S-615-16 


S$-615-16.1 


CHIMNEYS AND VENTS 


Termination Height of Chimneys and Vents 


Termination height of chimneys and vents shall be in 
accordance with NFPA 211. 


Commentary: The presence of solar equipment may intro- 
duce building components that are elevated above the roof 
surface, thus producing wind distrubance at a higher 
level. The standards of NFPA 211 will provide for 
proper clearance and separation. 


MECHANICAL VENTILATION 


Air Discharge Openings 


Air discharge openings through roofs or exterior walls 
shall not be located such that their exhaust will cause 
the deposition of grease, lint, condensation or other 
deleterious materials on solar optical components. 
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PREFACE 


The system performance calculation pro.cuure avr determining the thermal performance of 
active solar space heating and domestic hot water systems is presented in five sections 
for clarity and ease of use. 


cne Introduction provides background information on the applicability of the method and 
the svateme modeling research from which it has been derived. 


Section two, Basis of the Calculation Methoa, gives a concise description of the procedure's 
steps, lists the assumptions on which it is based, provides schematic drawings of the systems 
for which it is applicable and indicates the scope of data which is required in order to 
perform the calculation. 


Section three piesents the Procedure arranged in six steps each including a description of 
the calculations required and worksheets on which to carry out and tabulate the calculations. 
Also included in this section is a procedure for determining heat exchanger effectiveness, 
and important ancillary calculation that may be required if information on heat exchangers 
is not provided in the required forn. 


Section four, Typical Examples, carries out a set of calculations for each of three typical 
solar energy systems; a liquid heating and domestic hot water system, an air heating and 
domestic hot water system, and a liquid domestic hot water only system. Typical data is 
provided for these and worksheets have been completed for each. 


Section five, Reference Materials, provides a table of nomenclature, lists references, in- 
cludes reference tables required to carry out the calculations and provides a set of blank 
worksheets which may be reproduced for individual calculation. 
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1. 


INTRODUCTION 


The performance of any solar energy system is directly related to the amount of solar 
radiation available, the outdoor conditions, the heat load thermal characteristics, 
and the solar energy system characteristics. The energy flow diagram for one type 

of a simplified active solar energy system (using a flat plate collector) is shown in 
the figure below. Specific systems for providing heat and/or hot water using air and 
liquid collectors are illustrated in Figure A-4. 


Collector losses 





Fluid Pump Fluid Pump 


Figure A-1 Energy Flow Diagram for a Typical Active Solar Energy System 


Starting on the left side of the figure, solar energy is incident on the solar collector. 
Some energy is lost from the collector due to reflection from the collector and heat 
transfer to the ambient surroundings. The amount of energy actually collected by a 
solar collector is termed useful energy and is directly proportional to the collector 
area. 


Useful energy is transferred directly to the heated space, hot water load or thermal 
storage device (TSD) by a working fluid. The TSD is necessary due to the intermittent 
nature of solar energy and is characterized by the TSD heat capacity. 


Energy from the TSD to the heated space or hot water load is transferred as needed to 
meet the load. If the TSD cannot meet the load, auxiliary energy from other sources 
is necessary. Heat exchangers and pumping systems must be properly sized to meet 
energy flow requirements. 


Precise prediction of performance of solar heating systems is difficult because of the 
random variation in climatic conditions and the mathematically complex relationships 
between the system components. 


The procedure for estimating performance of a solar energy system used in this document 
is called the "f-chart" method and was developed by Klein, Beckman, and Duffie of the 
University of Wisconsin. [1, 17, 18] Their approach was to use a detailed hour by hour 
computer simulation for several typical solar energy systems covering a wide range of 
system parameters at several geographic locations in order to develop a generalized 
correlation ("f-chart") which is useful in evaluating long term system performance. 
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Of the methods presently in use, this method is widely accepted and offers flexibility 
in the range of design parameters that can be evaluated. 


Although differences were found between the simulated and estimated performance using 
the generalized chart for specific monthly periods, the correlation, determined by a 
least squares fit, was found to be quite satisfactory in most cases for predicting 
year-long performance, as shown im Figure A-2. It should be emphasized, however, that 
the "f-chart" procedure is not intended to provide an accurate estimate of system 
performance for any particular month, but rather for the long-term. The difference 
between the simulated and estimated yearly performance of systems in different locations 
were also found to be small. The standard deviation in the fraction of load to be met 
by solar predicted for four different cities was 0.018, an error judged to be substan- 
tially lower than the errors inherent in the simulation model and the recorded data. 


The "f-chart" procedure has been checked using the data obtained from existing solar 
heating systems and the difference between estimated and actual performance is small. 
For example, for M.I.T Solar House IV [2], the difference between actual performance 
and estimated performance using the "f-chart" procedure over two complete heating 
seasons was about eight percent. 


The procedure can accommodate various non-tracking flat plate collector designs when 
the thermal performance is available in terms of the effective collection and conversion 
of solar radiation into useful thermal energy for a range of operating conditions. 
Simulations used to derive the "f-chart" correlation include typical ranges for heat 
transfer fluid flow rates, heat exchangers, thermal storage capacity and configuration, 
auxiliary energy integration and control modes. Methods of estimating the performance 
of systems having characteristics other than those used to generate the "f-chart" 

are included in some instances. The procedure does not apply to passive systems and 

is generally limited to geographic regions below sixty degrees ,latitude. Preliminary 
design considerations for passive systems have been studied [3] but no procedure is 
currently available. The method does not apply to systems using heat pumps. 
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Figure A-2 Comparison of System Performance 
Between f-chart and Detailed Simulation 


The procedure is intended for use in the evaluation of the capability of a solar energy 
system to provide a portion of the heating and hot water requirements for a residential 
dwelling. The method is not intended to perform the thermal design of a unique system 
or to optimize the solar energy system performance for a unique thermal load profile. 
The calqulation can be performed using a slide rule, hand calculator or simplified 
computerized program. Another method is available to size collectors for a specific 
type system using hand calculations [4] and a gomewhat more detailed method has been 
described using a computer [5]. Each of these methods can be used to estimate the cost 
and fuel savings for local environments and conditions. 
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2 


BASIS OF THE CALCULATION METHOD 


2.1 DESCRIPTION 


The procedure for calculating tne perrormance of solar heating and/or hot water system 
allows the estimation of long-term solar heating system performance applicable for 
space heating and domestic hot water systems, either individually or combined. The 
method is applicable to those air and liquid heat transfer systems in which solar 
energy and auxiliary energy are added directly to the heating and/or hot water loads. 
Solar energy systems using heat pumps are not covered. Examples of each application 
are presented in section 4 of this appendix. The system evaluation procedure is not 
intended to provide an accurate prediction of system performance for any particular 
month, but rather for the long-term average. 





The procedure is based on a computer simulated systems analysis. Solar energy 

system performance is characterized by the term f, which denotes the monthly fraction 
of the total heating load supplied by the solar energy system and is determined from 

a single parametric chart, the "f-chart," Figure A-5 and A-6. The systems analysis 

has shown the performance of the system to be well correlated to two systems per- 
formance parameters D, and D5, the coordinates used on the "f-chart." Dy is a function 
of solar insolation and system heat load and Dy is a function of solar collector 

heat losses and system heat load. Several other design parameters were found to have 
only a small effect on system performance and thus, the method can be used for a wide 
range of these design parameters by means of correction factors, K), K2, K3, and Ky. 


The calculation method is applicable to systems schematically identical to Figure A-4 
or similar simplified models. The basis of the calculation procedure is the "f-chart" 
and the two equations which define D) and D The equations, given below, have been 
labeled with the section numbers that descr the indicated elements. These sections 
are further listed in the order in which they appear in the text. 








3.2 S332 3,5 3,4 3.6.4 
_~ —— aren ee —_— — 
p. = Snergy absorbed by collector plate =, A. FR (ta) 8 K 
1 total heating load L og 
__ = aeait i 
3.2 
3.2 3.2 3.5 3.2 3.6.1 3.6.3 
' 
— reference collector plate energy losses es [AcFit. trot - t )atine 
2 total heating load L L sl Neale ae 
3.3 3.6.2 


3.1 Determination of the portion of the total heating load supplied by solar energy 
(£) and F, sual? 
3.2 Determination of the System Performance Parameters (D,» D,) 


3.3 Determination of the total building heating and/or domestic hot water load (L) 

3.4 Determination of solar energy available to satisfy the heating requirements (S) 

3.5 Determination of the collector combined performance characteristics (Ff, (7a), FU) 
3.6 Determination of the correction factors (Ky > Ko» Ky» K,) 

3.7 Heat Exchanger Effectiveness (E44) 


Project Data Worksheet A, is provided at the end of this section to record the basic 
information necessary to carry out the calculation procedure. 
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2.2 ASSUMPTIONS 


The following assumptions were made in developing the procedure: 


1) 
2) 


3) 


4) 


5) 


6) 


7) 


8) 


NORMALIZED 


HOT WATER USAGE 


Thermal storage is contained within the heated structure and all storage heat losses 
are considered to supplement the space heating load. 

Auxiliary heat sources are provided to supply energy for both the space and water 
heating when the energy in storage is depleted, or the rate at which solar energy 
can be supplied in less than the total heating load. 

For heating systems utilizing a liquid heat transfer fluid, a heat exchanger can 

be used between the collector and the storage tank. When an anti-freeze solution 
is circulated through the collector to avoid the problems of freezing and corrosion, 
the use of a heat exchanger in conjunction with water storage may be more economical 
than using the anti-freeze solution as the energy storage medium. 

The heat transfer fluid is circulated through the collector whenever a positive 
energy gain can be achieved. During periods of low radiation (when the energy gain 
becomes zero or negative), the collector pump or blower is turned off. 

For the space heating load determination, the energy per degree day method is 
adequate. Load calculations are provided using the "Manual J" method but any 
procedure that reasonably predicts the building thermal load is acceptable. 

The average domestic hot water demand as a function of the time of day and family 
size was established in the development of the procedure. In general, hot water 
consumption is highly dependent upon the habits of the occupants, however, it has 
been determined that the actual time distribution of the water heating load will 
have only a small effect upon the long-term performance for solar heating systems 
combining domestic hot water and space heating. 

For those solar energy systems used only for hot water heating, the procedure has 
been developed using an assumed hourly hot water consumption pattern that is re- 
peated every day, Figure A-3. It is not known how deviations from this consumption 
pattern effect the performance of the hot water system. 

Since in most instances flat plate collectors are utilized for heating buildings, 
the collector component parameters are only valid for modeling flat plate collectors. 
Concentrating collectors or tracking collectors cannot be incorporated into the 
solar heating system evaluation as it is presently written in this Appendix. 
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Figure A-3 Assumed Hourly Hot Water Consumption 
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2.3 SCHEMATIC DRAWINGS OF BASIC SYSTEMS 
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2.4 PROJECT DATA SHEET 
WORKSHEET A PROJECT DATA 
PROJECT 


Location Latitude = 


Building Heating and/or Hot Water Load 


Design Heat Loss Rate, qy = Btu/h 

Winter Design Temperature (97 1/2%), t, =. °F 

Average Hot Water Consumption = gal/day 
(may vary on a monthly basis) 

Average Cold Water Supply (main) Temp., Eo = °F 


(may vary on a monthly basis) 


Hot Water Supply Temp., t, = °F 
Collector Subsystem Data 
Collector Type: : 
Selective or non-selective, no. cov r plates 
Collector Area, A, = ft? 
Tilt Angle = < 
Azimuth Angle = . 
Collector Shading (av. % month of Dec.) = % 
Collector Efficiency Data 
(from manufacture) : Fp(ta), = 
FRU, = Btu/h: ft? °F 
Sin cout 
Reference Temp. Basis: ti ae, aa Coat 
Fluid: 
Composition: 
Specific Heat, cp = Btu/1b-°F 
Specific Gravity (if applicable) = 1b/1b 
Volumetric Flow Rate = gal/min or £t?/min 
Storage Subsystem Data 
Volume - gal or ft? 
Storage Medium 
Specific Heat, = = Btu/1b*°F 
Specific Gravity/or Density = 1b/1b or lb/ft? 
Circulation Loop Volumetric Flow Rate = gal/min or £t?/min 
Collector/Storage Heat Exchange Effectiveness, _— = 
Hot Water Preheat Storage Volume = gal 
Load Subsystem Data 
Load Heat Exchanger Effectiveness, EL = 
Supply Loop Volumetric Flow Rate = gal/min 
Building Air Supply Volumetric Flow Rate = ft?/min 
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3. PROCEDURE 


3.1 FRACTION OF TOTAL HEATING LOAD SUPPLIED BY SOLAR ENERGY, F 


3.1.1 


3.1.2 


3.1.2.1 The actual solar energy supplied for each month is calculated as follows: 


3.1.2.2 The total heating load for the year is calculated by summing the contributions for 


3.1.2.3 Knowing the total annual solar energy supplied by the heating system (Epor¢ai) and 


Annual 


The fraction of the heating load supplied by solar energy is the measure of system per- 
formance that is calculated. The solar contribution is calculated first on a monthly 
basis and then summed to provide the yearly total. 


Monthly Fraction (f) 


The monthly fraction of the heating load supplied by solar energy is determined from 
the "f-charts", figure A-5 for air systems and figure A-6 for liquid systems. Work- 
sheet B has been provided for tabulating monthly values of (f) and calculating Fannual, 
On figure A-5 or A-6 locate the two system parameters Dj and D2 for each month and read 
off the corresponding value of f. Dj and D2 are determined by the procedure described 
in section 3,2. 


Annual Fraction (Fannual) 





As previously mentioned, the procedure is not intended to provide an accurate estimate 
of system performance for a particular month but will provide a relatively good estimate 
for long-term performance such as a year. f is calculated on a yearly basis in the 


following steps: 


Ejan = fJan Ljan 
Ereb = freb “Lreb 
s (1) 


Epec = fpec Lpec 


The total solar energy supplied for the year is calculated by summing the contri- 
butions from each month. 


Efotal = EjJan + Epeb « + + Epec (2) 


each month. 


Lrotal * Lian + Leen - + - + Mec (3) 


the total annual heating load (Ltoral), determine Fannual for the entire year as 
follows: 


Efotal 
Fannual * Trotal (4) 
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3.2 


SYSTEM PERFORMANCE PARAMETERS, Dy» Dy 


The system performance parameters Dj and D2 characterize the entire solar energy system 
thermal performance. Worksheet C is included for tabulating the system performance 
parameters. The two parameters are calculated for each month using the following 
equations: 


ie energy absorbed by collector plate 
1 total heating load 


Ackk (fa)S 
L 





x Ky (5) 


= ref. collector plate energy losses 
2 total heating load 


AcFRUL (tref-to) Atime 
L 





x Kj x Kz x K3 (6) 


where: 


A, = collector aperture area (ft2). This must be consistent with the collector manu- 
facturers performance data and in most instances equals A, used in the collector 
thermal performance test, ASHRAE 93-77. 


S$ = total incident solar radiation normal to the surface of the collector for an 
average month (Btu/month. ft2), (a detailed calculation procedure and data are 
provided in section 3.4, sample calculations are in section 4 and worksheets are 
in section 5). 


L = total heating and hot water load for the particular month (Btu/month). In hot water 


only systems this term equals Q, (a detailed calculation procedure is provided in 
section 3.3, sample calculations are in section 4 and worksheets are in section 5). 


Fp (ta) and FR Up = collector combined performance characteristics that are obtained 
from the experimentally determined efficiency plot for the collector combined with 
heat exchanger performance data, The FR (fa) product is dimensionless and the 
FR Uy product has units (Btu/h-°F-ft2), (a detailed calculation procedure and data 
are provided in section 3.5, sample calculations are in section 4 and worksheets 
are in section 5). 

tref = 212°F, reference temperature (arbitrarily chosen). 


to = monthly average day-time temperature (°F), (table A-4 in section 5 provides tables 
of these temperatures for many locations). 


Atime = total number of hours for the particular month. 
K] = air collector flow capacitance rate factor. 


K2 = storage mass capacitance factor, for liquid and air heating and hot water systems 
(dimensionless). 


K3 = hot water factor, for liquid hot water only systems (dimensionless). 
K4 = load heat exchanger factor, for liquid heating systems (dimensionless). 


(A detailed calculation procedure for Ky ® » and K, is provided in section 
3.6, sample calculations are in section 4 and ksheeté are in section 5). 
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3.3 TOTAL BUILDING HEATING AND DOMESTIC HOT WATER LOAD, L 


The total heating load is determined on a monthly basis for both space and domestic 
hot water heating. 


The space heating and domestic hot water heating loads are calculated separately and 
for combined systems the monthly individual loads are added to get a monthly total 
load. 


Worksheet D is included for tabulating the heating load calculation. 
3.3.1 Space Heating Load 


It is recommended that the space heating load for each month be calculated using 
the degree-day method. It is based on the assumption that over the long-term, solar 
and internal heat gains will offset the residential heat loss when the mean daily 
outdoor air temperature is 65°F and that the long-term heating load will be pro- 
portional to the difference between the mean daily temperature and 65°F. Tables 

of degree-days with a base of 65°F have been constructed and are published for a 
large number of cities in Chapter 43 of the 1976 ASHRAE Systems Handbook [9]. 
However, in many current buildings larger internal heat gains coupled with the 
increased insulation levels are sufficient to offset a home's heat loss to a mean 
daily temperature as low as 56°F (reported in Reference [9]). Therefore, a modified 
degree day procedure is suggested. It consists of the use of proportionality factor 
(PF). This factor can range in value from 0,60 to 0.80 depending on the insulation 
level, weather patterns, internal gains, etc. However, it is recommended that a 
value of 0.75 be used unless practical experience in the particular locality would 
dictate the use of a different value. 


The ASHRAE Handbook of Fundamentals [8] describes the basic method for calculating 
heat losses in a chapter entitled Heating Load. In addition, NESCA Manual J, [14] 
IBR Guide H-21, [15] and ARI Standard 230 present slightly different methods, 
including examples, tables, and pre-printed calculation forms which simplify the 
calculating process. For multi-family installations NESCA Manual M may be used 
instead of Manual J. Although the various methods differ somewhat in format and 
details, the principles and the overall approach are essentially the same. 


3.3.1.1 Calculate the Building Design Heat Loss Rate (q,). 


The following outline of the main steps in calculation are adopted from ASHRAE's 
Fundamentals [8] and a typical calculation form. Figure A-7 is shown from NESCA 
Manual J. Note that the Manual J form also contains spaces for use only in cooling 
load calculation notably the columns labeled Clg and lines 7 and 16-21. 


Select the design outdoor weather conditions. The data on winter climatic con- 
ditions are given in the ASHRAE Handbook of Fundamentals (select from the 97 1/2 
column) or Table A-3 in section 5. 


Select 70 F for family and 75 F for care-type and elderly housing as the indoor 
air temperature to be maintained in living spaces during winter. 


Estimate temperatures in adjacent unheated spaces, Consult ASHRAE's Fundamentals 
for formulae, examples, and tables. 


Select or compute the heat transmission coefficients for outside walls and glass, 
and for inside walls, nonbasement floors, and ceilings, if these are next to 
unheated spaces; include roof if next to heated space. On the Manual J form, a 
HTM (heat transfer multiplier) is used which equals the heat transmission coeffi- 
cient multiplied by the temperature difference. 


Determine net area of outside wall, glass, and roof next to heated spaces, as 
well as any cold walls, floors, or ceilings next to unheated space. Such measure- 
ments are made from building plans, using inside dimensions. 
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Compute the heat transmission losses for each kind of wall, glass, floor, ceiling, 
and roof in the building by multiplying the heat transmission coefficient in each 
case by the area of the surface in square feet and the temperature difference 
between the indoor and the unheated space or outdoor air. Note: In the Manual J 
form heat transmission coefficient x temperature difference is replaced by the HTM. 


Compute heat losses from floors over crawl space or basement floors or grade-level 
slab floors. 


Estimate infiltration rate (number of air changes per hour) and compute the 

heat equivalent of the infiltration of cold air taking place around outside doors 
and windows. The infiltration rate depends on the type of or width of cracks, wind 
speed, and the temperature difference between the indoor and outdoor air; the 
result expresses the heat required to warm the cold air infiltrating into the 
building. Refer to ASHRAE's Fundamentals. 


The sum of the transmission losses or heat transmitted through the confining walls, 
floor, ceiling, glass, and other surfaces, plus the heat equivalent of the cold 
air entering by infiltration represents the total heating load. Since these are 
for the design heat loss conditions and are expressed as an hourly rate, this 
value represents q, the building design heat loss rate. 


Obtain the monthly total Degree Days from the ASHRAE Systems Handbook [9], Climatic 
Atlas of the U.S. [13], or Table A-3 in section 5 for the particular location 

for each month. 

Calculate the monthly space heating load using the equation: 

Qs = (PF) (24) (UA) (Degree Days) (7) 


where: 


PF = 0.75 (or more appropriate value) 


va « —& . Design Heat Loss Rate (Btu/h) ead (8) 
dtg Temperature difference between inside 70-t 


and outside for design conditions (°F) ” 


Select the 97 1/2% winter design temperature (t,) from Table A-3, section 5 or 
from ASHRAE Handbook of Fundamentals [8] or from available weather data. 


3.3.2 Domestic Hot Water Heating Load 


3.3.2.1 


3.3.2.2 


3.3.2.3 


Determine the volume of domestic hot water (Gal) required on a monthly basis from 
known consumption figures or sources such as the ASHRAE Guide or Table $-615-1 
(in section 6 of this MPS) 


Determine the water main temperature (t_) or assume t_ = 55°F (see S-615-1.4 in 
this MPS). Figure A-8 gives typical valiles for a number of major cities and shows 
the monthly variations, particularly pronounced in those cities which rely on 
surface water sources. 


Determine the domestic hot water supply temperature (ts) or assume ts = 140°F 
(see S-615-1.4 in this MPS). 
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3.3.2.4 Calculate the monthly domestic hot water heating load using the following equation: 


Specific Temp. Temp. 
8.33 Ib a ib x {Heat of | x| Supply - Water 
Water Main 


= 7, c..- 5.) 


where: m (mass of water) = volume of water (gal) x 8.33 1b/gal 
co (water) = 1 Btu/(1b*°F) 


3.3.3 Total Heating Load 


(9) 


The monthly total heating and hot water load is the sum of the space heating and 
domestic hot water load for each month. Where only domestic hot water or space 


heating is provided, the appropriate single load is used. 


Monthly Total Heating and Hot Water Load, L = a. + Q, 


s A-18 


(0) 





from: 


Figure A-7 


Phoenix 
Miami 
Los Angeles 


Albuquerque 
Las Vegas 
Denver 

Fe. Worth 
Nashville 
Washington, DC 
Salt Lake City 
Seattle 

Boston 

Chicago 

New York City 


Building Design Heat Loss Calculations Form 
Load Calculations for Residential Winter and Summer Air Conditioning, Manual J, 


1. Data from Handbook of Air Conditioning Systom Design, p. 


McGraw Hill Book Company, New York (1965). 


Re-reservoir, Ri-river, W-well. 
Figure A-8 Monthly Temperature (t}) {n °F at Source for City Water in 14 Selected Cities 
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Abbreviations: 


5-41 through 5-46 


C-creek, 


L-lake, 


NESCA [14] 
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SOLAR ENERGY AVAILABLE (INCIDENT SOLAR RADIATION), S 
The solar radiation incident on the collector is determined for a particular collector 
tilt and orientation, on a monthly basis, by modifying known insolation values for a 


given geographic location with factors which relate this to the specific collector 
geometry. 

The relationship between the various solar radiation variables is presented in 
figure A-9. Terminology and methods developed by Liu and brdan [10] are used. 


Igc (Solar Constant) 


YW] bse 


R rf Extraterrestrial 


Tilted 








Extraterrestrial Terrestrial se. 


Figure A-9 Relationship Between Insolation Variables 


Worksheet E is included for tabulating the incident solar radiation calculation. 


3.4.1 Monthly Average of the Daily Radiation Incident on a Horizontal Surface, (1). 


3.4.2 


3.4.3 


For cases where local detailed horizontal insolation is available, this data should 
be used to calculate Ty: Where detailed horizontal radiation is not available, an 
estimate of can be made using the values listed for 80 cities in section 5, 
Table A-4 or the mean daily insolation maps shown in section 5, figure A-29. [11] 


Ratio of the Monthly Averages of the Daily Radiation on a Horizontal Surface 
to the Extraterrestrial Radiation, (K,). 


Values of K. for each month are listed in section 5, Table A-4. Intermediate values 
can be calctlated by interpolation between cities. Alternatively using the 
extraterrestrial insolation, I , for the given location (listed in section 5, Table 
A-5 for various latitudes), K. can be obtained from the relationship: 


s| za | (1) 
° 


Ratio of the Monthly Average Daily Radiation on a Tilted Surface to that on a 
Horizontal Surface for Collectors Facing Due South, (R). 


The factor R accounts for the three components of radiation incident on the collector 
surface, beam, sky diffuse, and ground reflected. In accounting for ground reflected 
radiation, a diffuse reflectance 6f 0.2 has been used for ground surface conditions. 

If it is desired to use other values a computer procedure such as reference [19] should 
be used. 
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3.4.4 


3.4.5 


3.4.6 


R is determined from Table A-6 in section 5 by entering with the known latitude of 

the installation ($), tilt of the collector (6) (expressed in relation to the latitude), 
and ratio of extraterrestrial to terrestrial radiation ) (calculated in the 
preceeding step). For tilt angles other than those listed values may be interpolated. 
These tables assume the collector is oriented due south (y = 180°). 


For exact evaluation of the effects of collector azimuth angle (y) on incident 

radiation, a computer procedure such as reference [19] should be used. However, for 
collector tilt angles approximately equal to the lattitude and for lattitudes of 45° 

or less, reference [16] states that the total annual beam radiation will not vary 

by more than 2% for collectors oriented up to 22 1/2 degrees east or west of due | 
south. 


For graphic illustration of collector tilt and orientation angles, see page C-1ll. 
Monthly Average Daily Radiation on a Tilted Surface, (I,)- 


i is calculated by multiplying 5 a (for a horizontal surface) by R (ratio of the 
rizontal to tilted). 


I,= ) ® (12) 
Total Monthly Radiation on a Tilted Surface, (5S) 


Ie, the monthly average daily radiation on a tilted surface, must be multiplied 
by the total days in each month, (N) to obtain total insolation for each month. 


s = (1) () (13) 
Shading 


Shading should not be neglected in calculating the incident solar radiation on a 
particular collector array, The amount of shading is strongly dependent on the 
collector site and orientation and time of the year; thus, each case must be analyzed 
separately. Calculation of the collector array shaded for the month of largest energy 
requirement and lowest solar altitude (i.e., December) will provide a useful correction 
factor, reducing the amount of available solar radiation. For a more precise value, 
determine the average shaded fraction for one day of each month and multiply the monthly 
incident solar radiation (S) by (1 - shaded fraction). For graphic illustration of 
collector shading, see page C8~12. 
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3.5 COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, F, (ta), FRU, 


In this section, the procedure for calculating the collector combined performance 
characteristics FR (Ta) and FR Uy used in equations 5 and 6 is developed. The procedure 
is developed for a liquid system containing a collector/storage heat exchanger which is 
the most complex case. The simplified steps for air of liquid systems which do not con- 
tain a collector/storage heat exchanger are also explained. 


To calculate the combined performance characteristics, it is necessary to first establish 
the performance characteristics for the collector alone, Fr(ta)n and FrUy. Fp (ta), is 
corrected by the incident angle modifier which modifies test data taken with the sun 
normal to the collector to the performance that can be expected from the average (varying 
angle) radiation. This gives Fp(ta). Both of the characteristics are then corrected for 
the effects of the collector/storage heat exchanger by the heat exchanger modifier factor, 
FR which includes corrections for both the heat exchanger effectiveness and capacitance 


rétes. This step gives Fp (Ta) and Fr Ur. 
Worksheet F is provided for these calculations. 


3.5.1 Collector Performance Characteristics, Fr(ta)n, FRU, 


The performance characteristics for the collector alone are determined from manufacturers 
data (which may be presented in any of several forms) or if this is not available, from 
typical characteristics curves such as those included. 1/ 


3.5.1.1 Collector Efficiency Data Available From Test 
Determine the Fr(ta), and FRU; factors from the thermal performance efficiency curves 
provided by the manufacturer covering the appropriate range of operational temperature, 
insolation, tilt angle and fluid flow rates. The collector performance efficiency 
curve must be plotted such that the y axis is the thermal efficiency(n) and the x 
axis is the temperature difference between a reference fluid temperature (t*) and the 
ambient temperature divided by the incident solar radiation [(t*-tg)/I,] as shown in 
figure A-10. 


w 
. 







0. Straight line fit of experimental data 
for near normal incident solar radiation 
0.8 and for collector capacitance rate = C. 
0.7 
0.6 
Thermal ul 
Efficiency 0.5 
0.4 Slope = -m 
0.3 <j 
0.2 
0.1 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 


ee. *F-hr- ft?) 


yy Beu 
Figure A-10 Example Collector Thermal Performance Efficiency Chart 


1/ ASHRAE 93-77 defines the collector efficiency using the gross collector area whereas 
previous data was generally reported using aperture area. Figure A-27a and A-27b 
present data for several liquid collector types with the efficiency based upon gross 
area and aperture area, respectively. Calculations for this procedure can be per- 
formed with either definition, however, the efficiency and area must be consistent 
in all portions of the calculation. 
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The equation of the straight line fit of the experimental data is given by: 
y= -m +b (14) 


where: 
-m = the slope of the straight line 


b = the y axis intercept (value of y when x=o) 


Usually, the reference temperature t* in the plot of experimental data is the fluid 
inlet temperature, in which cases the collector characteristics Fp(ta), and FRUy 

are obtained directly from the efficiency graph. However, in some cases the data 

is based on other reference temperatures. The following procedure describes the 
determination of Fp(ta), and FU; for three different values of reference temperature. 


case 1 t* = tin (fluid inlet temperature) 


then Fa(ta), = b (the y axis intercept of the data line) 


Fpl; =m (the magnitude of the data line slope) 


case 2 t* win + four (average of inlet and exit temperature) 
1 
then Fr(ta)y = va] (15) 
l+s 
2C.: 
and FRU, "™ (aay (16) 
1+ 
2Co 


where C, ™ collector fluid capacitance rate (icp) Btu/h+°F 


tout (fluid exit temperature) 


: 
w 
Lad 
» 
' 


then Fp(ta), =bx Ts (17) 
Co 


FRU, = mx [ree] (18) 
Ce 


It should be noted that the fluid mass flow rate of air collectors can significantly 
influence the performance of the collector. Therefore, the efficiency data used for 
air collectors in this procedure must have been obtained for the specific range of 
flow rates anticipated for collector operation. 


No Measured Efficiency Data For Collector 


When collector efficiency data are not available for the specific collector, per- 
formance characteristics may be estimated from the data provided in figures A-27 

and A-28 in section 5 for liquid and air systems respectively. Note that in tigure 
A-27 for liquid collectors, the primary parameters affecting performance are the 
number of cover glass sheets and the radiative properties of the absorber coating 
(whether selective or non-selective). Figure A-28 shows that air collectors with 
flat black absorbers have performance characteristics that are sensitive to air flow 
rate, number of cover glass sheets and to the specific configuration of the absorber. 


Alternatively, for flat plate collectors constructed with relatively simple flow 
path geometry, the analytical equations described in reference(16]can be used to 
estimate performance. For this purpose, the optical properties of several glazing 
materials and absorber coatings are provided in tables A-l and A-2 in section 5. 
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3.5.2 


Incident Angle Modifier +12 
Ta)n 


Angular variations in transmittance and absorptance due to changing sun angle during 


the day or changing diffuse component affect t and a. Determine the transmittance - 


absorptance (ta) product angle modifier that relates normal incident radiation to 
average incident radiation either from manufacturers data obtained during collector 


3.5.3.1 


3.5.3.2 


3.5.3.3 


testing or by the following approximate relation: 


a .}+91, for two cover plates (19) 
ta), /.93, for one cover plate 
' 
3.5.3 Collector Loop Heat Exchange Modifiers, FR 
FR 
Capacitance Rates 
Calculate the collector loop and storage loop capacitance rates and determine the 
minimum capacitance rate. The loop capacitance rate is the product of the mass flow 
rate, th (1b/h) and fluid specific heat, cp (Btu/lb-°F). 
Co = (hep) collector loop (20) 
Cs = (acy), storage loop (21) 
The minimum capacitance rate Cain is the lesser of C, or C,. 
Heat Exchanger Effectiveness 
The effectiveness of the collector/storage heat exchanger, €., is a function of the 
particular heat exchanger design and size and capacitance rate of each loop. If a 
numerical value of €., is not known, section 3.7 describes procedures whereby values 
can be calculated or estimated depending on information available from the heat ex- 
changer manufacturer. 
FR 
Heat Exchange Modifier Factor. i 
The heat exchanger modifier is determined by first calculating the following dimen- 
sionless parameters: 
=... 
x= 
fs Cnin (22) 
Ac (FRU; ) 
y = Acta) ith 
The heat exchanger modifier is then determined either from the following equation or 
from figure A-11l. 
Fy 1 
FR = 1+ y (x-1) (24) 


3.5.4 


FE. ' 
For air systems and liquid systems without a collector/storage heat exchanger 7 =1, 


Collector Combined Performance Characteristics, PR (ra), Fr UL 


The values for the combined collector performance characteristics are calculated 
as follows: 


Fy (7G) = Fa(ra)_ {3 x BE (25) 
R 


F 
' 
Uy = Fru 
FR UL me | (26) 
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+4 BBs w 





1 2 4 6 8 10 20 40 60 80 100 


x = 
Ecs Cmin 


F 





Figure A-11 Relationship Used to Determine the Ratio of 7 
R 
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WORKSHEET F COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, FR (7a), F Re: L 








PROJECT: 
(3.5.1) Collector Efficiency Data From Test 
intercept, b = F, (ta), - 
slope, n= FUL - om 
Reference Temperature Basis: 1. Can? 2. et, 3. ts 
Collector area, A, - 


Collector volumetric flow rate a 


Correction to t, basis: 


in 
Case 1: (no correction) F, (ta), = 
FRU, 4 
Case 2: F(t), =bx 4 ° 
Lf 6 
2c 
1 
FU. =mx bad 
re 1+ Me 
2c 


~ a. _(Volumetric time ereotty) 
c. a (Flow oy (tensity) a (neat 


where: for liquids, density ~(8.33 1b/gal) x (rests | 


for air, density = 0.75 1b/ft>, at 70° and 1 atm. 
specific heat = 0.24 Btu/lb-°F 


Case 3: F, (ta), =bx een: Sil ihe 


i 


(3.5.2) Incident Angle Modifier, A |: “91, for two cover plates 


-93, for one cover plate 
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WORKSHEET F (Continued) 


F’ 
(3.5.3) Collector Loop Heat Exchanger Modifier, Fr 
R 
for air systems and liquid systems without a collector/storage heat exchanger, 
F! 
i 
R 
Capacitance Rate 
Cc, = (from above) = 
Cc. = (calc. as for Cc. above) = 
WR = (lesser of Cc. of Cc) = 


Collector Storage Heat Exchanger Effectiveness, Ecs = 


Cy 
yee: Cui 
y Ce 
FR 1 
F = from figure A-1l or = 1+ y@-1) 
_ FS 
(3.5.4) FR (7a) = Fa(ta), x [ss & . 
F! 
Fil, = FLU, x E = 
RL RL Fe 
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3.6.1 


3.6.2 


3.6.3 


3.6.4 


+2 


CORRECTIC' FACTORS, K,, K,, K,, K, 


This section develops the correction factors to be applied to Dj and D2 in equation 5 
and 6 to account for the effect of variation of several design parameters. The validity 
of the procedure for values outside of the ranges indicated on accompanying figures A-12 
through A-15 is not known, therefore evaluation of systems outside this range is not 
recommended. Worksheet G is provided for these calculations. 


Air Collector Flow Capacitance Rate Factor, K] 


K] modifies D2 in equation 6 and accounts for the effect of flow capacitance rate on | 
the performance of air collectors. For liquid collectors Kj] = 1. Figure A-l2 presents 
a plot of Kj as a function of the ratio of collector flow: capacitance rate C, to col- 
lector area for the range of values noted. C, is calculated using equation 20. 


Storage Mass Capacitance Factor, K2 


K2 modifies D2 in equation 6 and accounts for the effect of storage thermal capacitance 
on the performance of liquid and air systems. Figure A-13 presents a plot of Kz as a 
function of the ratio of storage mass capacitance, (Mcp), to collector area, Ac for 

the range of values noted. Separate curves are used for air and liquid systems. The 
storage mass capacitance Mcp) is the product of the storage mass M(1b) times the 
specific heat of the storage medium, cp (Btu/1b*°F). 


Hot Water Factor, K3 


K3 modifies D2 in equation 6 and permits the use of the correlations originally devel- 
oped for combined heating and hot water systems to be used for systems that provide 
domestic hot water only. For liquid systems that provide heating only or combined 
heating and hot water and for all air systems K3 = 1. Figure A-14 presents a plot of 
K3 as a function of average day-time temperature ty. t, may be read from table A-4 

in section 5. In this plot the cold water supply temperature, tm, and the hot water 
delivery temperature, tg, are parameters that must be supplied. 


Load Heat Exchanger Factor, K, 


K, modifies D, in equation 5 and accounts for the effect of the liquid to air load 
heat exchanger sizing on the performance of liquid systems for heating or combined 
heating and hot water. In air systems or domestic hot water only systems where there 
is no load heat exchanger K, = 1. Figure A-15 presents a plot of Ky as a function of 


&y Cina as. 


where: 


; > load heat exchanger effectiveness. 


Cnin ™ Capacitance rate of the fluid with the minimum mass flow rate - specific 
heat product (icp) and is usually the air side fluid capacitance rate. 


AUy 1dg = overall heat transfer coefficient for the building calculated in equation 8, 


When information on the load heat exchanger effectiveness is not provided, section 3.7 
describes several alternate methods for estimating a value. 


4-30 








Figure A-13 Storage Capacitance Factor, K, 
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! 
HW Supply Temp. = 140°F 


Average Day-Time Temperature (ty, "Fy 
Figure A-14 Hot Water Factor, K3 


1.0 





«1 1.0 10 


£LSnin 
TWAT bias 





0.5 
0 


-0 


Figure A-15 Load Heat Exchanger Factor, K, 
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WORKSHEET G CORRECTION FACTORS, Ki K» Ky, Ky 


PROJECT 





Air Collector Flow Capacitance Rate Factor, kK) 
for liquid collectors K, = 1.0 
for air collectors: Cc. = (from worksheet F) = 
‘. (from worksheet A) = 


kK = (from Figure A-12) = 


a |n® 
W 


Storage Mass Capacitance Factor, Ky 
M = (vol. storage media) x (density) = 
Note: M includes hot water storage 
volume where it is solar heated. 
< = (from worksheet A) = 
(Me). 
aes Ky = (from Figure A-13) = 


A 
c 


Hot Vater Factor, K, 


for liquid systems providing heating only or heating and 
hot water, and for all air systems kK, = 1.0 


for DHW only systems: t." (from worksheet A) = °F 
= (from worksheet A or if variable see worksheet D) = °F 
to is taken from table A-4 section 5 


K, is taken from figure A-14 and tabulated on a monthly basis on worksheet C 


3 
K = (tabulated or const.) = 


Load Heat Exchange Factor, K, 
for air systems and DHW only systems, K, = 1.0 


7 (from worksheet A) = 
Shot water supply loop _ te, a 
Cor loop ~ *, ‘ 
wae = lesser of G, or Cc, = 


UA bldg = (from worksheet D) 


a) Ky = (from Figure A-15) = 
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3.7 HEAT EXCHANGER EFFECTIVENESS, eux 


In the evaluation of solar energy system performance using the "f-chart" method, there 
are two locations in the calculation procedure at which an explicit value for heat 
exchanger effectiveness, egy must be known. This section describes two approaches 

to calculation of effectiveness, based on different ways design data may be provided 
by a heat exchanger manufacturer. In situations when no manufacturer design data 

is available, a method is described to estimate heat exchanger effectiveness. 


Definitions 


* Overall conductance (AU);y, for a heat exchanger is the product of the overall heat 
transfer coefficient U (which depends on the thermal properties of each fluid, the 
fluid mass flow rate and the heat exchanger geometry) and the associated heat 
transfer surface area. 


Effectiveness eux is the ratio of the actual rate of heat transfer in the exchanger 
to the theoretical maximum rate of heat transfer that would occur only in a counter- 
flow exchanger with infinite surface area. 


* Log-mean temperature difference Atyy is the effective temperature difference 
between the inlet and outlet fluids such that the product Atyy and (AU)yy equals 
the actual heat transfer rate. 


The basic relationships are developed in the following paragraphs. 


In the following schematic heat exchanger drawing, the hot stream with capacitance 
rate C, and inlet temperature t;, 4, and the cold stream with capacitance rate C,. and 
inlet temperature to, in both enter a heat exchanger that has an overall conductance 


(AU) ax: 


Heat Exchanger with 
overall Conductance 
(AU) Hx 





co» in te, out 


Figure A-16 Schematic Heat Exchanger 


The actual heat transfer rate is given by 


Q=C. (te, out - in) (27) 
: oy (th, in ~ h, out) (28) 
= Cadi Stry (29) 
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The maximum theoretical heat transfer rate would occur if the fluid having the minimum 
capacitance rate were heated (or cooled) to the inlet temperature of the maximum 
capacitance rate fluid, i.e. 


= Cain 28 Cy 

Then Quay ™ Sy (Th, in ~ “c, in? 30) 

Or if a = c. 

Then Q aa (han ao in) (31) 

The effectiveness is given by 

ex. 2 — e\'s, out — “ec i eee out? (32) 
Qmax “nin o, in” xe, in? Cain, in ~ *c, in? 


The log mean temperature difference is a complex function of the hot and cold fluid 
inlet and outlet temperatures and depends on the heat exchanger flow arrangement. 
The term At; is defined in terms of a reference log mean temperature difference for 
a counterflow heat exchanger (At;y)cf and a correction factor K as follows: 


btiy = (tr og * K (33) 
where c out) 7b road s& ) 


(Atyy) = 
tim) cf (34) 





and K depends on the particular heat exchanger flow geometry and two dimensionless 
temperature ratios R and R, such that: 


t -t 
R) =e out - c, in (35) 
ch, in c, in 


Ry 2 in — out (36) 
c, out c, in 


Tabular or graphical values of (at, £ and K are usually provided by heat exchanger 
manufacturers. % 


Example 1 


Calculate the effectiveness of a counterflow heat exchanger located in the collector/ 
storage circulation loop. Assume the collector circulation loop flow rate is 2 gpm 
and the storage loop flow rate is 6 gpm and that fluid leaves the collector at 120°F 
and fluid leaves the storage tank at 100°F. The heat exchanger manufacturers perfor- 
mance data for the specific heat exchanger and fluid properties is given in the 
following curves: 
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8 


@ 


CAPACITY ah way 


GPM( COLD) 


Figure A-17 Example Heat Exchanger Performance 


Entering the above curve with 2.0 gpm (cold) and 6.0 gpm (hot), with a 120°F - 100° = 
20°F At, the actual heat transfer rate is determined to be 11,000 Btu/h. The maximum 
rate of heat transfer is: 


Q ° Coin St = 


= 2.0 gal x 8.33 1b x 60 min x 1.0 Btu x 20°F = 20,000 Btu/h. 
min gal h Ib°F 


From the definition, the heat exchanger effectiveness is calculated as: 


Q 
act 11,000 
“HX = 9 = 35500 = +55 
Example 2 


Calculate the effectiveness of a two pass shell and tube heat exchanger transferring 
heat between water and a heat transfer fluid. Water enters the heat exchanger at 
110°F and 10 gpm and the heat transfer fluid enters the heat exchanger at 160°F and 
15 gpm. The prepartios of the heat transfer fluid are c_ = .65 Btu/lb*°F and 
density = 55 1b/ft?. P 


The manufacturers data consist of the following: 

* overall heat transfer coefficient U = 150. (Btu/h: °F £t”) 

* heat transfer surface area A = 30.0 ft? 

* a table of factors to convert the performance of a counterflow heat exchanger to 


the performance of the actual heat exchanger by the log mean temperature difference 
correction factor K is shown in Figure A-18. 
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Figure A-18 Example of Heat Exchanger Log-Mean 
Temperature Difference Correction Factor 


Since neither of the fluid exit temperatures are known, it is necessary to use a 


trial and error procedure. 
The capacitance rate for the heat transfer fluid (hot) is given by: 
lb H,O 
s Bal), ( 2 55 1b fluid ( ay ( Btu Btu 
G, (5 min/*(°-33 gar) “(62.4 1b 1,0 60“ /=\:65 3p eR” 427° he tF 
The capacitance rate for the water (cold) is given by: 
1b H,O 
z gal 2 min Btn soz Btu 
ie 10 ain © 8.33 zal x 60 es 1.0 ip. F 4998 he °F 
is 130°F. 
out 














Assume the exit temperature of the water t.. 
The actual heat transfer rate is calculated from equation (27) as: 
Btu 


Q= C. Gre eae" Fa ae ) = 4998 (130-110) = 99960 a 
t. t. -Q = 160 - 99960 = 136.7°F 
h, out h, in em “7295 

The reference log mean temperature difference for a counter flow heat exchanger is 


calculated from equation (34): 
Ee Pr 


(at...) Z 160 - 130) - 
UWef = “log, (160 - 130 
136.7 - 110 
Since the heat exchanger is not of the counter flow arrangement, a correction factor 
K must be determined from the manufacturers supplied data, in this example Figure A-18 


based on the computed values of Ri and R,. as follows: 
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From equation (35) 


130 - 110 
"1 “i60 - 110" ** 
From equation (36) 


160 - 136.7 
"2 =i50 > tio” 1-16 


K is then determined from the Figure A-18 (by extrapolation) as: K = .90 


Then from equations (29) and (33) 


Q= AU) gy = (Atry) og # K = (150) (30) (28.3) (.90) = 114615 Be 
114615 e 
and S.. out = 110 + 7998 = 132.9°F. 


Since the original exit temperature of the water was estimated to be 130°F, the 
procedure is repeated until the estimated water temperature and the calculated water 
temperature are the same. 


For this problem, the exit water temperature is then calculated to be 


t = 131.2°F 
c, out 


The actual heat transfer rate is then 
Q = 4988 (131.2 - 110) = 105,960 Btu/h- 


The maximum possible heat transfer rate would occur if the minimum capacitance rate 
fluid (the hot fluid in this example) were cooled to the cold fluid inlet temperature. 
Btu 


_ - Cate (ty, | ia Se, in? = 4295 (160 - 110) = 214,750 —— 


The heat exchanger effectiveness is given by equation (32) as: 


105,960 _ 


wx * 214,750" °99 


€ 


The heat exchanger effectiveness can be assumed to be a constant for a given heat 
exchanger and fluid mass flow provided the thermal properties of the fluids do not 
vary substantially and provided no change of phase occurs. Thus, the calculated 
value of effectiveness based on an assumed set of inlet temperatures would still be 
valid over a range of hot fluid and cold fluid inlet conditions usually found in 
most solar heating applications. 


For the case where there are no performance data available for the particular heat 
exchanger, an estimate of effectiveness can be made from the data of reference [7] 
for a range of different heat exchanger designs, provided the overall conductance 
(au) is known. Figure A-19 shows the effectiveness of counter flow, parallel flow, 
and Boss flow heat exchangers as a function of the ratio (au),,/C with the ratio 
/Cygx 45 the parameter. For the cross flow arrangement ustin119" Pound in the 
liquid to air load heat exchangers, Cyy, is usually the air side capacitance rate and 
the parameter Ci3y,eq/Cunmixed Shown in Figure A-19 for this arrangement is equivalent 


to Cain/ Cmax: 
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If the particular flow arrangement of a heat exchanger is unknown, the effectiveness 
can be estimated by taking an average of the calculated effectiveness for the counter 
flow and parallel flow arrangements for the given (aI!) ux! mi np and Cu fC ant design 
parameters. 


For situations in which a heat exchanger consists of a coil of tubing submerged in a 
tank of water, C,;, is the capacitance rate of the fluid circulating through the 

coil and Cpa, is essentially infinite. Thus, the ratio C,j;,/Cmax = 0 is used to 
determine effectiveness from any of the three arrangements shown since for Cpjp/Cmax = 9, 
the expressions for effectiveness as a function of (AU) ux/Cmin for all flow arrange- 
ments reduce to the same expression. 
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Figure A-19 General Heat Exchanger Performance [7] 
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4.1 


TYPICAL EXAMPLES OF SYSTEM THERMAL PERFORMANCE CALCULATION 


The following examples demonstrate the utilization of the calculation method for 
evaluation of solar heating and hot water systems. Examples using air and water as 
working fluids were chosen to represent existing typical solar heating systems. 


SOLAR HEATING AND DOMESTIC HOT WATER SYSTEM - LIQUID WORKING FLUID 


Our example is a typical liquid working fluid solar heating system shown in Figure A-20. 
The system is designed to provide space and domestic hot water heating. A flat plate 
collector is used to transform incident solar radiation into thermal energy. This 
energy is stored in the form of sensible energy and used as needed to supply the 

space and water heating loads. In this case, antifreeze solution is circulated through 
the collector to avoid the problems of freezing and corrosion. A heat exchanger is 
used between the collector and the tank as it is generally more economical than using 
the antifreeze solution as the energy storage medium. A second heat exchanger is used 
to transfer energy from the main storage tank to the smaller domestic hot water tank. 
Conventional auxiliary heaters are provided to supply energy for both the space and 
water heating loads when the energy in the storage tank is depleted. Controllers, 
relief valves, pumps and piping make up the remaining equipment. All heat losses 

from the solar energy system are assumed to contribute to the building heating load. 
The temperature of the fluid entering the collector is assumed equal to the temperature 
at the outlet of the collector - storage heat exchanger. The relief valves ensure 

that the fluid temperature leaving the collector or heat exchangers does not exceed 

the boiling point of water. At night, or during periods of low radiation, a differ- 
ential temperature controller between the outlet at the bottom of the storage tank 

and the collector outlet manifold turns off the pump if this difference is less than 
about 9°F. Collected solar energy is stored in two tanks, a large main tank and a 
smaller domestic water tank. When the temperature of the domestic water tank is less 
than the main tank, energy is transferred to it. The model assumes that these two 
tanks are at the same temperature. No temperature gradients are assumed in the 

storage tanks. 


Madison, Wisconsin has been selected as the location of the example problem as it 
represents a city with major winter heating requirements and reasonable amount of 

solar radiation to meet these requirements. Project data for the example are presented 
on worksheet A. 
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Figure A-20 Liquid System: Space Heating and Domestic Hot Water 
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4.1 (Continued) 
WORKSHEET A PROJECT DATA 


prosect Li@uio H¢ DHW Examece, MAD/soN, Wis. 


Location MADIson, Wis. Latitude 
Building Heating and/or Hot Water Load 


Design Heat Loss Rate, qy 
Winter Design Temperature (97 1/2%), ty, 


Average Hot Water Consumption 
(may vary on a monthly basis) 


Average Cold Water Supply (main) Temp., t, 
(may vary on a monthly basis) 


Hot Water Supply Temp., t, 
Collector Subsystem Data 


Collector Type: Fuat Pare ’ 
Selective or(non-selective,)no. cover plates 2 

Collector Area, A, 

Tilt Angle 

Azimuth Angle 

Collector Shading (av. % month of Dec.) 


Collector Efficiency Data 
(from manufacture): F,(ta), 


FaUy 


Tin ‘ cout 
Reference Temp. Basis: SB) ; 2 ay tout 


Fluid: 
Composition: 50% ErHuy.ewé GLy cet /WATER 
Specific Heat, cp 
Specific Gravity (if applicable) 
Volumetric Flow Rate 
Storage Subsystem Data 
Volume 
Storage Medium WatTea t 
Specific Heat, 5 
Specific Gravity oePeneit~ 
Circulation Loop Volumetric Flow Rate 
Collector/Storage Heat Exchange Effectiveness, ae. 
Hot Water Preheat Storage Volume 
Load Subsystem Data 
Load Heat Exchanger Effectiveness, e1, 
Supply Loop Volumetric Flow Rate ‘ 
Building Air Supply Volumetric Flow Rate 
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43° 


1,700 Beu/h 


92.7 gal/day 


Hy 
ea 
2 


95 Beu/h-fe?- °F 


O.92 Btu/lb-°F 
1.05 1b/1b 


ao or ft?/min 
{000 Gabor ft? 

1.0 Btu/lb-°F 

/.0 Ge/ibjor 1b/ft? 

16 or ft/min 

.70 

ZO gal 


- 80 


4O. gal/min 
{200 ft?/min 
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4.1 (Continued) 


1. Fraction of Total Heating Load Supplied by Solar Energy, Fannyal 





The values and calculations developed in this section are tabulated on Worksheet B. 
1.1 Monthly Fraction (f) 

By locating the system parameters Dj and Dz on figure A-G, (f£)- can be determined on 

a monthly basis. D , and D2 are taken from Worksheet C, L is from Worksheet D and S 

from Worksheet E. For February, the value for (f) was 0.48 and is tabulated in Work- 

sheet B, 
1.2 Annual Fraction (Fannuya) 
1.2.1 The solar energy supplied for the example month of February is, 

Fred a (fe ep) (pep? 
= (.48) (23.5 x 10°) = 43.28 x 10%8tu 
The total solar energy supplied for the entire year is calculated on Worksheet B 

1.2.2 The total heating load for the entire year is calculated on Worksheet B 


1.2.3 F 


jee for the entire year is equal to, 


‘  Frotal _ 97.0 x 10° 


Ananel LYotal 156.1 x 10° 


2. System Performance Parameters, Dd» D. 


= 0.62 


2 





The values and calculations developed in this section are calculated on Worksheet C. 
The parameters Dd) and Dd, are obtained from equations 5 and 6. 
For the month of February this is done as follows: 
AF! (vm) S$ 
Sl tart Bedi. a Ss, Ss 
Dy L ]=«, ©, prod) T (860) (.69) (.95) £ 


= (563.7) 5 = 563.7 35:8%10° _ 9 
23.5 x 10 


, f 212-t_) Atime 
fa_Fiu (tag — t,) Atime © | x K, 


( 
i es 7 Ty ey se aie | L 
(212-t _) Atime 
=1(860) (.82) (1.0) (1.1) — Ee K, 


(212~_5)672 
= (775.7) 2a | a x 1.0 = 4.2 
23.5 x 10 
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4.1 (Continued) 
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4.1 (Continued) 
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4.1 (Continued) 
3 Total Building Heating and Domestic Hot Water Load, L 


The total heating load is equal to the sum of the space heating load and the domestic hot 


water heating load. Worksheet D is used for load calculations. 


3.1 Space Heating Load 


3.1.1 Knowing the building thermal characteristics (heat transfer coefficients and areas of 
surfaces exposed to the outside) and using Manual J, the design temperature difference 


(Atg) and design heat loss (qq) were found to be 75°F and 71,700 Btu/h respectively. 
These are recorded on Worksheet A. An example of the Manual J calculation is pre- 
sented in the air system example in section 4.2. 


3.1.2 Monthly total degree days (DD) for Madison were taken from Table A-3 in section 5. 
3.1.3 Monthly space heating load (Q,) was then calculated using equations 7 and 8. In 
February for example, 
Q, = (PF) (24) (UA) (Degree Days) 


where: 
PF = 0.75 
Oh? Fea 75°F 956 ).*F 


Q, (Feb) = (0.75) (24) (956) (1274) = 21.9 x 10° Btu 
3.2 Domestic Hot Water Heating Load 


3.2.1 In this example, the hot water requirements are 82.7 gallons per day. Monthly re- 
quirements are then, 


2) = (am) = (BY 


Day Month mo 


Values obtained are tabulated in Worksheet D for the example problem. In February 
for example, 


gal 
(82.7) (28) = 2316 month 


3.2.2 Water main temperature t, = 55°F. 


3.2.3 Domestic hot water supply temperature (t,) in accordance with MPS requirements, was 
assumed to be set at (t, = 140°F). 


3.2.4 Monthly domestic hot water heating load (Q,) is then, 


Qy = me, (ts - tm) 


where cp is the specific heat of water [c, = 1Btu/(1b-°F)]. Q, is then calculated 
on a monthly basis and tabulated in Worksheet PD, In February for example, 


Qe - (21682, (2.33 a (2 is) (140°F - 55°F) = 1.63 x 10° Btu 
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4.1 (Continued) 
3.3 Total Heating Load (L) is then the sum ot space heating (Q,) and water heating (Q,). 
L = Qs + Qy 
In February for example, 


L = 21.9 x 10 Beu + 1.63 x 106 Btu = 23.5 x 10° Btu 


Values of L for each month are tabulated in Worksheet D for the example problem. 
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4.1 (Continued) 


Solar Energy Available (Incident Solar Radiation 


4.1 Monthly Averages of the Daily Radiation Incident on a Horizontal Surface ()» were 


4,2 


4.3 


4.4 


4.5 


taken from Table A-4, section 5 and are tabulated in Worksheet E for the example 
problem, 


Monthly values for tr were taken from Table A-4, section 5 and are also tabulated in 
Worksheet E. 


Knowing the collector tilt (9 = 43°), the latitude (¢ = 43°), and monthly K, values; 
monthly R values were taken from Table A-6, section 5 and tabulated in Worksheet E. 


For instance, in February, K = .47 Referring to Table A-6 (K, = .5) and determining 


the latitude minus tilt difference (¢ - 6 = 43° - 43° = 0°) the R value under the 
February column opposite latitude 43° is R = 1.57, 


Monthly Average Daily Radiation on a Tilted Surface (Ty) is calculated using equation 12. 
= Gp) ® 
and tabulated in Worksheet E. For example, in February, 


Tr = (812) (1.57) = 1284 Bente 


Total Average Insolation per Month (S) is calculated using equation 13. 
8 = (Ip) (8) 


where N is the number of days in the month. S is then tabulated in Worksheet E, For 
example, in February, 


Be! Btu Days 
s = (12m Btn) x (x0 Bev 


. 9 Btu 
35-8 x 10° Youth -Fe7 


4.6 Assume no shading of the collector array in this example. 
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4.1 (Continued) 


' ' 
5 Collector Combined Performance Characteristics Fr(Ta), FRU, 


The values and calculations developed in this section are tabulated in Worksheet E. 


5.1 Collector Performance Characteristics, Fr(ta)n, FRU, 


The collectors are constructed with a double glass cover plate and an aluminum parallel 
flow absorber coated with a non-selective flat black paint. Area of collector A, = 860 ft2, 


In this case the collector manufacturer has providéd a thermal performance 
efficiency curve as shown below for the collector, operating with a volumetric 
flow rate of 20 gal/min and with the reference temperature equal to the in- 
let temperature. This corresponds to case 1 in the calculation method and the 
performance characteristics are obtained directly as follows: 


1.0 
0.9 
0.8 
0.7}— Y-Intercept FR (ra), = .79 
0.6 
ul 0.5 
0.4 Slope FUL = .85 
0. 
0. 
0. 





0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.80.9 1.01.1 


t)-ts “Fehr: ft?) 
i Btu 





Figure A-21 


FUL = .85 Btu/h: °F «ft? determined from the slope of the efficiency curve shown in 


Figure A-21. 
FR (ta). = .79 as determined from the intercept of the efficiency curve with the y axis. 


5.2 Incident Angle Modifier, ee. 
n 


The incident angle modifier is calculated on Worksheet F. 
' 


F 
5.3 Collector Loop Heat Exchanger Modifier, =. 


The collector loop heat exchanger modifier is calculated on Worksheet F. 


6 Correction Factors, Kj, K2, K3, Ky 


Correction factors Kj, K2, K3, K4 are calculated on Worksheet G. 
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4.1 (Continued) 


WORKSHEET F COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, FR (7a). PRL 


prosect: Li@uio H ¢ DHW ExAmPlLé, MAvdisow, Wis. 


(3.5.1) Collector Efficiency Data From Test 
intercept, b = FR (ta), 79 = 





slope, m= FLU. 85 = 
aie tin Ms cout 
Reference Temperature Basis: 1. ws oe Se tout 
Collector area, A. - B60 ft* 


Collector volumetric flow rate = wo qe! /mn 


Correction to tin basis: 


Case 1: (no correction) F, (ta), 
FU. = 


Case 2: FR (ta), =bx 


" _/volumetric time oe 
c. te, (Fiow oe (aensity) (S380) pn) (nese 


/ Ib Rtv Btu 
= (a0 Y)G3 gar X05 /£)(co min 9a Fe, ) * 86/0 he F 
where: for liquids, density ~ (8.33 1b/gal) x Cree, 
for air, density = 0.75 1b/ft>, at 70° and 1 atm. 
specific heat = 0.24 Btu/lb-°F 


1 
Case 3: F(ta). = b x | ———|| = 
nee Ces. 
c 
c 
1 
FLU =mx iB 
“ r+ ite 
c 


c 
(3.5.2) Incident Angle Modifier, 3). , for two cover plates 
(ta) 93, for one cover plate 
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4.1 (Continued) 


WORKSHEET F (Continued 
F* 


(3.5.3) Collector Loop Heat Exchanger Modifier, = 
R 


for air systems and liquid systems without a collector/storage heat exchanger, 


hy 

R 

Capacitance Rate ato 

Cc. = (from above) * BGl0 h- 

co = (eaie. an for ¢, above) = (Ie $8!) (.29)1 QeoX!) = 8000 Pi 
Can = (lesser of C. vad c) " gooo 


Collector Storage Heat Exchanger Effectiveness, “cs = ~70 
—_ , ae L587 
fcs Coin C.70)C@00e) 
y = AFR) Ceo) C-85) _ gs 
Ce Selo 


Fk 1 i 
4 = from figure A-ll or = T+ yG-1) = ett = 9 


(3.5.4) FL (7) = FR(fay x - [Sh ES = C.ADCIUWC4) = 


Fr’ 
FRU, = FU, x EB 2 (.85)C. %) = 8a “wee 
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4.1 (Continued) 


WORKSHEET G CORRECTION FACTORS, Ki Ky» Kj» K, 


prosect_Ligoio H ¢' DUW Examece , Madison, Ws. 


Air Collector Flow Capacitance Rate Factor, K, 
for liquid collector 
for air collectors: Cc. = (from worksheet F) = 
A, = (from worksheet A) = 


Kk = (from Figure A-12) = 1.0 


ee 


‘ie 
‘ 


Storage Mass Capacitance Factor, K, 
M = (vol. storage media) x (density) = (1000+ 0)(¢.33) = £996 /é 


Note: M includes hot water storage 
volume where it is solar heated. 


1.0 Bte 
¢ = (from worksheet A) = /. Th: F 


(Mc_) 
= este = 10.46 K, = (from Figure A-13) = Ll 
Hot Vater Factor, K, 


for liquid systems providing heating only or heating and 
hot water, and for all air system 


for DHW only systems: fa (from worksheet A) = *y 
e = (from worksheet A or if variable see worksheet D) = a 
t is taken from table A-4 section 5 


Ky is taken from figure A-14 and tabulated on a monthly basis on worksheet C 
kK, = (tabulated or const.) = 


~ 
8S 


\ 


Load Heat Exchange Factor, K, 
for air systems and DHW only systems, K, = 1.0 
3 


= (from worksheet A) = #0 
/ r] ma) /, B &tv 
Chot water supply loop ~ ie, a dogs Kesspe Keo IC ‘6: z) ater /b* a 
Catr 1oop ~ ™p = (0 a a mt) (at Pte ) = 12% ee 


Cin 7 lesser of C, or C, = (296 TF 
UA bldg = (from worksheet D) = 95¢ _ETu 





UA 95¢ 
5 , = (from Figure A-15) = .9S5 
“min «, Ciaqe)C%o) SPs. 4 ~ (from Figure 45 
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4,2 SOLAR HEATING AND DOMESTIC HOT WATER SYSTEM - AIR WORKING FLUID 


Our example is the solar air heating system shown in Figure A-22. The system is designed 
to provide space heating and domestic hot water. This system has three modes of opera- 
tion. Mode 1 occurs when solar energy is available for collection and there is a space 
heating load. Then, room temperature air is drawn through the solar collectors, heated, 
and returned to the building. The dampers will be in position 1. Mode 2 occurs when 
solar energy is available for collection at times when there is no space heating load, 
Air from the bottom of the pebble bed is drawn through the solar collectors, heated, and 
returned to the top of the storage unit. The hot air moving down through the bed heats 
the pebbles resulting in sensible heat storage. The dampers will be in pusition 2. Mode 
3 occurs when no solar energy can be collected but there is a space heating load. Hot 
air is drawn from the top of the pebble bed into the house and room temperature air is 
returned to the bottom of the bed. The dampers will be in position 3. In modes 1 and 3, 
auxiliary energy from a conventional furnace may supplement the solar contribution. ‘The 
diagram indicates the dampers in the mode 1 position. 


The mode of operation of the solar air heating system is determined by the position of 

the dampers. Whenever the collector is operating, damper A is in position 1, 2; other- 
wise, it is in position 3. The collector operation is controlled by an on-off differential 
controller monitoring the temperatures of the air in the collector outlet manifold, to, 

and in the bottom of the pebble bed, t,, as indicated in Eq. 37, 


to — Cy < At, Collector is operating 
to — th < At2 Collector is off (37) 


At, and At2 are controller deadbands* ideally chosen so that the energy collected is at 
least equivalent to the energy required to operate the blower. Both At, and At? have 
been chosen to be 9°F in the examples noted here. 


Dampers B and C are controlled by the building thermostat. Whenever the building needs 
heat, damper B is in position 1 or 3 and damper C is in position 1, 3, Figure A-22 | 
otherwise they are in position 2. The modeling method used, which is suitable for 
long-term simulation, does not follow the system mode changes exactly, but rather assumes 
that during any time period, the system operates in whatever modes necessary to maintain 

the building temperature at the desired level. Then by comparing energy rates, it is 
possible to determine the fraction of the time period in which the system operated in 

each mode. 


During each time period, the rate of energy collection is compared with the rate of energy 
required to meet the heating load. If there is zero energy collection, the system is 
assumed to be in mode 3 operation. If the rate of energy collection is non-zero, but 
smaller than the rate of energy required by the load, it is assumed that the system is 

in mode 1 operation. If the rate of energy collection is greater than the rate at which 
energy is required, the fraction of the time period which the system would have to be in 
mode 1 operation to just satisfy the load is calculated; the system is assumed to be in 
mode 2 operation during the remainder of the period. This method of calculating system 
performance allows the simulation to use time steps on the order of an hour without a 
sacrifice in the accuracy of the calculated long-term system performance. 


Grand Junction, Colorado has been selected as the location of the example problem as 

it represents a city with major winter heating requirements and a significantly different 
set of solar radiation conditions from the previous example. Project data for the ex- 
ample are presented in Worksheet A. 


*Deadband - Temperature range over which the controller does not initiate or terminate 
operation of the fan. 
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4.2 (Continued) 


Mot Water Distribution Auxiliary 
fan 





Figure A-22 Air System: Space Heating and Domestic Hot Water 
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4.2 (Continued) 
WORKSHEET A PROJECT DATA 


PROJECT '; DW f 
Location Grancl Junction, o/o. Latitude 


Building Heating and/or Hot Water Load 
Design Heat Loss Rate, qy 
Winter Design Temperature (97 1/2%), t, 


Average Hot Water Consumption 
(may vary on a monthly basis) 


Average Cold Water Supply (main) Temp., t, 
(may vary on a monthly basis) 


Hot Water Supply Temp., t, 
Collector Subsystem Data 
Collector Type: Flat Plate ; 
Selective or(hon-selective) no. cover plates 2 _ 
Collector Area, A, 
Tilt Angle 
Azimuth Angle 
Collector Shading (av. % month of Dec.) 


Collector Efficiency Data 
(from manufacture): FR(ta), 


FRUL 


Sin " tout 
Reference Temp. Basis: a eee 


Fluid: 
Composition: Air 
Specific Heat, cp 
Specific Gravity (if applicable) 
Volumetric Flow Rate 
Storage Subsystem Data 
Volume 
Storage Medium Rock 
Specific Heat, _ 
Specific Coavityfor Density 
Circulation Loop Volumetric Flow Rate 
Collector/Storage Heat Exchange Effectiveness, fos 
Hot Water Preheat Storage Volume 
Load Subsystem Data 
Load Heat Exchanger Effectiveness, ey, 
Supply Loop Volumetric Flow Rate 
Building Air Supply Volumetric Flow Rate 
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4.2 (Continued) 
1. Fraction of Total Heating Load Supplied by Solar Energy, Fannual 

———$—$—$—$—$—$———— Annual 

The values and calculations developed in this section are tabulated on Worksheet B. 
1.1 Monthly Fraction (f) 

By locating the system parameters Dj and D2 on figure A-5, (f£) can be determined on 

a monthly basis. Dy) and Dj are taken from Worksheet C, L is from Worksheet D and S 

from Worksheet E. For February, the value for (f) was 0.76 and is tabulated in Work- 

sheet B. 
1.2 Annual Fraction (Fannual) 
1.2.1 The solar energy supplied for the example month of February is, 

Fred ~ “fpey) “pay? 
= (0.76) (16.2 x 10°) = 12.31 x 108tu 
The total solar energy supplied for the entire year is calculated on Worksheet B 

1.2.2 The total heating load for the entire year is calculated on Worksheet B 


1.2.3 F 


oauiah for the entire year is equal to, 


. "total _ 87.17x10° 


= .77 
Mrotal 112.5x10° 


F xnaual 


2. System Performance Parameters, Di D, 





The values and calculations developed in this section are calculated on Worksheet C. 
The parameters Dy and D, are obtained from equations 5 and 6. 


For the month of February this is done as follows: 


AF! (wr) s 
o, {ek |] ee, =< 





s s 
Dy prod ? LT ™ (700) (.48) (1.0) L 


= 322 ES 322 26:3x10" _ 1.12 








16.2x10 
>, _|-eit oe ~ t,) Atdme} Ky Ky Ky = ©, prog) [ere oa xk, 
- [coo (51) (1.04) a] seis =. K, 
= (389.8) ee x 1.0 = 2.86 
16.2x10 
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4.2 (Continued) 


3 Total Building Heating and Domestic Hot Water Load, L 


The total heating load is equal to the sum of the space heating load and the domestic hot 
water heating load. Worksheet D is used for load calculations. 


3.1 Space Heating Load 


3.1.1 Knowing the building thermal characteristics (heat transfer coefficients and areas of 
surfaces exposed to the outside) and using Manual J, the design temperature difference 
(4tg) and design heat loss (qq) were found to be 59°F and 53,000 Btu/h respectively. 
These are recorded on Worksheet A. An example of the Manual J calculation is pre- 
sented in Figure A-23 for the example house of 1400 sq. ft. floor area. 


3.1.2 Monthly total degree days (DD) for Grand Junction were taken from the Table A-3 in 
section 5. 


3.1.3 Monthly space heating load (Q,) was then calculated using equations 7 and 8. In 
February for example, 


Q, = (PF) (24) (UA) (Degree Days) 


where: 
PF = 0.75 
. 1 , 53,000 Btu/hr | Btu 
a a 59°F 898 {oF 


Q, (Feb) = (0.75) (24) (898) (907) = 14.5 x 10® Beu 
3.2 Domestic Hot Water Heating Load 


3.2.1 In this example, the hot water requirements are 85 gallons per day. Monthly re- 
quirements are then, 


gal Days 
5 Day * " Month 


Values obtained are tabulated in Worksheet D for the example problem. In February 
for example, 


. gal 
(85) (28) = 2380 FR 


3.2.2 Water main temperature t,, = 55°F. 


3.2.3 Domestic hot water supply temperature (t,) in accordance with MPS requirement, was 
assumed to be set at (t, = 140°F). 


3.2.4 Monthly domestic hot water heating load (Q,) is then, 


Qy = mc, (ts - tm) 


where cp is the specific heat of water [c, = 1Btu/(lb:°F)]. Q, is then calculated 
on a monthly basis and tabulated in Worksheet PD. In February for example, 


a - (2380 sal.) (s.33 a ( es) (140°F - 55°F) = 1.68 x 10° Beu 
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4.2 (Continued) 
3.3 Total Heating Load (L) is then the sum of space heating (Q,) and water heating (Q,). 
L = Qs + Q 
In February for example, 
L = 14.5 x 10 Beu + 1.68 x 106 Bru = 16.2 x 106 Bru 


Values of L for each month are tabulated in Worksheet D for the example problem. 


4 Solar Energy Available (Incident Solar Radiation), S$ 


4.1 Monthly Averages of the Daily Radiation Incident on a Horizontal Surface (Ty). were 
taken from Table A-4, section 5 and are tabulated in Worksheet E for the example 
problem, 


4.2 Monthly values for Ky were taken from Table A-4, section 5 and are also tabulated in 
Worksheet. E. 


4.3 Knowing the collector tilt (@ = 54°), the latitude (¢ = 39°), and monthly kr, values; 
monthly R values were taken from Table A-6, section 5 and tabulated in Worksheet E. 


For instance, in February, K = .63. Referring to Table A-6 (Ky = .6) and determining 
the latitude minus tilt difference (¢ - 0 = 39° -54°%= -15°) the R value under the 
February column opposite latitude 40° is R = 1.68. 
Interpolating for gt = .63 and ¢ = 39° gives a value of R = 1.66. 
4.4 Monthly Average Daily Radiation on a Tilted Surface (Ip) is calculated using equation 12. 
Tr = Gy) ® 
and tabulated in Worksheet E. For example, in February, 


Btu 


Ty = (1211) (1.66) = 2010 Day fe? 


4.5 Total Average Insolation per Month (S) is calculated using equation 13. 
S = (Ip) (§) 


where N is the number of days in the month. S is then tabulated in Worksheet E. For 
example, in February, 


Btu Day 
S= (2010 Day-ftZ ) x (2s es) 


” 3 Btu 
96-3 % 10° Yoath-fez 


4.6 Assume no shading of the collector array in this example. 
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Figure A-23 Example Heat Loss Rate Calculation (Manual J) 
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4.2 (Continued) 
' ' 
5 Collector Combined Performance Characteristics F(TG), FRUy 
——$—$—$—$—$—$—$_—_—____ 


The values and calculations developed in this section are tabulated in Worksheet E. 


5.1 Collector Performance Characteristics, Fr(ta)n, FRU, 


The collectors are constructed with a double glass cover plate and an aluminum parallel 
flow absorber coated with a non-selective flat black paint. Area of collector A, = 700 £t2, 


In this case the collector manufacturer has provided a thermal performance 
efficiency curve as shown below for the collector, operating with a volumetric 
flow rate of 2.1 ft3/min-ft2 and with reference temperature equal to fluid out- 
let temperature. This corresponds to case 3 in the calculation method and the 
performance characteristics are calculated in case 3 on Worksheet F. 


0.7}~ ¥-Intercept Fe (va) © 64 





&-t, (Cichr-fe?, 
I, Btu 


Figure A-24 

5.2 Incident Angle Modifier, {aL 
Ta)n 

The incident angle modifier is calculated on Worksheet F. 


' 
5.3 Collector Loop Heat Exchanger Modifier, - 
The collector loop heat exchanger modifier is calculated on Worksheet F. 


6 Correction Factors, K,, Ko, K3, Ky 





Correction factors Kj, K2, K3, K, are calculated on Worksheet G. 


S A-65 


4930.2 


4.2 (Continued) 


WORKSHEET F COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, FR (7a), FRU, 


prosect: Mir Ws Dio Example, Grand Junction, C/o, 


(3.5.1) Collector Efficiency Data From Test 


intercept, b = Fa (ta), = ,6F / mob 
CF Bto/a-ft*. “EF 








slope, n- FUL 7 
tin zi tout 
Reference Temperature Basis: 1. tan? re 2 5 
Collector area, A = 700 ff2 


c 
Collector volumetric flow rate = (S00 # Ymin 
Correction to tin basis: 
Case 1: (no correction) F, (ta), 


FUL 


Case 2: F.(ta) = bx 
R n 1+™, 


Ca Me, (pace race) moet) I Sooteeaten) (Ree) 
= (i300 26)) Cors fb )Goo 9) (.24 Be) = 020 fee 


where: for liquids, density = (8.33 1b/gal) x (rie ) 


for air, density = 0.75 1b/£t?, at 70° and 1 atm. 
specific heat = 0.24 Btu/lb-°F 


I 
: 1 
Case 3: Fi(ta) = b x | ————| = 64————.—, = «. SO 
lag 7 1+ ™, 14 (6S) Gee) 
a lero 
c 
1 i Btu 
FLU. #2020" sak SEINE = , St os 
RL 22% id 1 + 6S) (ee) h- $t?. °F 
Cc {G20 


(3.5.2) Incident Angle Modifier, {rap = for two cover plates 


(ta e » for one cover plate 
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4.2 (Continued) 


WORKSHEET F_ (Continued) 
F! 


(3.5.3) Collector Loop Heat Exchanger Modifier, = 
R 


for air systems and liquid systems without a collector/storage heat exchanger, 





Capacitance Rate 
Cc. = (from above) = 
or (calc. as for Cc. above) = 


Coin = (lesser of Cc. of c) - 


Collector Storage Heat Exchanger Effectiveness, “cs = 


Co 
fcs Cnin 7 
is Ac (FRU) 
Ce 
FR 1 
Fy = from figure A-1ll or = T+ y@el) 7 Lo 
(3.5.4) FG) = FRG, x [SS 1, [RY A 
35s R (ta Rita), x (ta)iy x Fr rs 50)( 4) (.o)=. 
FR 
sj wp Mas An F, > wl 
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4.2 (Continued) 


WORKSHEET G CORRECTION FACTORS, KX Ky» Ky» K, 


prosect Ajp Ai DUG) Example Grand Jonctign, Colo 
Air Collector Flow Capacitance Rate Factor, KX 
for liquid collectors K = 1.0 
for air collectors: Cc. = (from worksheet F) = /620 @te/h- *F 
A. = (from worksheet A) = 706 ¥¢* 


c 
c 4410 Bia ” 
A, = my = 2. dy eh K = (from Figure A-12) 104 


Storage Mass Capacitance Factor, kK, 
M = (vol. storage media) x (density) = (4ce #2) (100 $8) = 40,000 1% (rock) 


Note: M includes hot water storage ( 90 ge/) (2.33 #) : ces & Custer) 
volume where it is solar heated. 


.* (from worksheet A) = ,2 Bto//b (rock ), / Ot./lb Cwater) 


(Mes _ 40,000%.2) #(66cx 1) J 


x, — 12.4 K, = (from Figure A-13) =/,05~ 
Hot Pater Factor, K, 

for liquid systems providing heating op or heating and 

hot water, and for all(@ir systems K, = 1.0 

for DHW only systems: == (from worksheet A) = "F 

= (from worksheet A or if variable see worksheet D) . °F 


e is taken from table A-4 section 5 
K, is taken from figure A-14 and tabulated on a monthly basis on worksheet C 


K, = (tabulated or const.) "10 


Load Heat Exchange Factor, K 






e° (from worksheet A) = 
Shot water supply loop as ia ¥ 
Catr loop ~ ~y a 
se = lesser of c, or C, = 


UA bldg = (from worksheet D) 


UA 
——— © K, = (from Figure A-15) = / © 
Coin e€ 4 = 
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4.3 SOLAR DOMESTIC HOT WATER SYSTEM - LIQUID WORKING FLUID 


Our typical example of solar energy systems for a domestic hot water heating application 
is a relatively simple device consisting of a collector, hot water storage or preheater 
tank and associated pumps, piping and controls as depicted in Figure A-25. The design 
of a solar energy hot water heater differs from a building air-conditioning system be- 
cause the demand is not a function of seasonal ambient temperature and the collector 
operating temperature can be lower. Either liquid or air collecting systems are avail- 
able for use with domestic hot water heating. 


The City of Fort Worth was selected for the hot water calculation example because it 
represents a climatic region with varying seasonal water main temperatures and it has 
a relatively warm climate in contrast to the other examples. Utilizing the average 
monthly water main temperature in Table A-8 and assuming a constant hot water demand of 
70 gallons per day for the year at a design storage temperature of 140°F resulted in 
average daily and monthly loads significantly higher in winter than in summer. The 
large winter load resulted in selecting a collector tilt angle of latitude plus 15° 
(= 48°) to position the collector more normal to the sun in the winter. 


A single glazed flat black type collector was chosen because of the relatively high 
ambient temperature conditions and the resultant good thermal performance in the range 
of 100 to 140°F. The use of corrosion inhibited water with the collector loop implies 
the need for a double wall heat exchanger to transfer the heat to the stored domestic 
hot water. 







Rot Water 
Auxiliary, Heat 


—ets 








Hot 
Water 

Preheat 
Storage 


Collector/ 
Storage 
Heat 







_—'"s 


Collector Hot, Water 
Loop Pump Loop Pump 


Figure A-25 Liquid System: Domestic Hot Water Only 
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4.3 (Continued) 
WORKSHEET A PROJECT DATA 


PROJECT Dyw) Example, ft blocth Tx 


Location FR Worth, Tx Latitude 


Building Heating and/or@Qiot Water Load) 


Design Heat Loss Rate, qq 
Winter Design Temperature (97 1/2%), t, 


Average Hot Water Consumption 
(may vary on a monthly basis) 


Average Cold Water Supply (main) Temp., t, 
(may vary on a monthly basis) 


Hot Water Supply Temp., t, 
Collector Subsystem Data 


Collector Type: £/af Aa ke , 


Selective or(Gon-selective) no. cover plates _/ 


Collector Area, A. 

Tilt Angle 

Azimuth Angle 

Collector Shading (av. % month of Dec.) 
Collector Efficiency Data 


(from manufacture) : F,(ta), 
F,U 
a Tin « tout 
Reference Temp. Basis: (>) awe Sone 
Fluid: 
Composition: MS fer 


Specific Heat, op 
Specific Gravity (if applicable) 
Volumetric Flow Rate per $7. ft. of collector 
Storage Subsystem Data 
Volume 
Storage Medium 
Specific Heat, S, 
Specific Gravity/or Density 
Circulation Loop Volumetric Flow Rate 
Collector/Storage Heat Exchange Effectiveness, € 





cs 
Hot Water Preheat Storage Volume 


Load Subsystem Data 
Load Heat Exchanger Effectiveness, ce}, 
Supply Loop Volumetric Flow Rate 
Building Air Supply Volumetric Flow Rate 
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32 °- SO' 
Btu/h 
°F 
7O — gal/day 
sec D °F 
(fo °F 
se tt’ 
4G ° 
S=/fo ° 
oO z 
. af 
1.3S Btu/h: ft": °F 
7.0 ~~ Btu/lb-°F 
4.0 1b/1 bh 
Te 2 Gel MEERA. 3 ase 
gal or ft? 
Btu/1b*°F 


ok 


(0 


1b/1b or 1b/£t? 


Gi/nip or ft?/min 


gal 


gal/min 
ft?/min 
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4.3 (Continued) 
1. Fraction of Total Heating Load Supplied by Solar Energy, Fannual 

The values and calculations developed in this section are tabulated on Worksheet B. 
1.1 Monthly Fraction (f) 

By locating the system parameters Dj and D2 on figure A-6, (f): can be determined on 

a monthly basis. D , and D2 are taken from Worksheet C, L is from Worksheet D and S 

from Worksheet E. For February, the value for (f) was 0.76 and is tabulated in Work- 

sheet E 
1.2 Annual Fraction (Fannyal) 
1.2.1 The solar energy supplied for the example month of February is, 

Fred (fpep? (pep? 
= (0.65) @.486x 105) = :966 x 10%tu 
The total solar energy supplied for the entire year is calculated on Worksheet B 

1.2.2 The total heating load for the entire year is calculated on Worksheet B 


1.2.3 F 


‘Annual £% the entire year is equal to, 





. = “Total | 11,661x10° _ 5, 
Annual “total 15.49%10° 


2. System Performance Parameters, Dis D, 





The values and calculations developed in this section are calculated on Worksheet C. 
The parameters D, and Dd, are obtained from equations 5 and 6. 
For the month of February this is done as follows: 
AF’ (v%) s 
ote a La Ss 
D, : Je, Dy prod)? £™ (60) 673) (1 DF 


3 3 
So 45.95 x 107 | 
= (40.88 | =40.88 TZo— 06 71-26 


[a Fiv, (t - t_) Atime (212-t |) vad 
| ° x RK, x Ky x Ky = ©) prog) [——_ | * * 
(212-t _) Atime 
-| 56 (1.320) (1.0) (1.0) — K, 
= (73.36) | (21257)672) . 1.10. 5.84 
‘Tl $09ei0° UL 1 
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4.3 (Continued) 


3 Total Building Heating and Domestic Hot Water Load, L 


The total heating load is equal to the sum of the space heating load and the domestic hot 
water heating load. Worksheet D is used for load calculations. 


3.1 Space Heating Load ~- Not Applicable 
3.2 Domestic Hot Water Heating Load 


3.2.1 In this example, the hot water requirements are 70 gallons per day. Monthly re- 
quirements are then, 


(ot) = Gd 


Day Month 
Values obtained are tabulated in Worksheet D for the example problem. In February 
for example, 


al 
(70) (28) = 1960 BE 


3.2.2 Water main temperature (tq), varies and is tabulated on Worksheet D. 


3.2.3 Domestic hot water supply temperature (tg) in accordance with MPS requirements, was 
assumed to be set at (tg = 140°F). 


3.2.4 Monthly domestic hot water heating load (Q,) is then, 
Q, = mcy (t, - tm) 


where cp is the specific heat of water [c, = 1Btu/(1b+°F)]. Q, is then calculated 
on a monthly basis and tabulated in Worksheet D. In February for example, 





al lb 
Ww = (1960222) (0.33 a (2 es) (140°F -49°F )  =1.486x10°Btu 


3.3 Total Heating Load (L) equals the hot water load (L). 
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4.3 (Continued) 


4 Solar Energy Available (incident Solar Radiation), S 


4.1 Monthly Averages of the Daily Radiation Incident on a Horizontal Surface (%), were 
taken from Table A-4, section 5 and are tabulated in Worksheet E for the example 
problem. 


4.2 Monthly values for Ky were taken from Table A-4, section 5 and are also tabulated in 
Worksheet E. 


4.3 Knowing the collector tilt (6 =.48*), the latitude (¢ =33° ), and monthly | values; 
monthly R values were taken from Table A-6, section 5 and tabulated in Worksheet E. 


+5 ) and determining 


For instance, in February, K= .54 Referring to Table A-6 , = 
the R value under the 


the latitude minus tilt difference (¢ - 6 =33° -48* = -15°) 
February column opposite latitude 33° is R =1.37. 
Interpolating for K, = .63 and ¢ = 39° gives a value of R = 1.66. 
4.4 Monthly Average Daily Radiation on a Tilted Surface (Tp) is calculated using equation 12, 
i= Gp) ® 
and tabulated in Worksheet E. For example, in February, 


Ty = (1198) (.137) = 1641 saehez 


4.5 Total Average Insolation per Month (S) is calculated using equation 13, 
$ = (Iz) (§) 


where N is the number of days in the month. S is then tabulated in Worksheet E. For 
example, in February, 


e Btu Days 
s ( .ss15s8!Fe2) x (2s ios) 


a 3 Btu 
4549 x 10° Honth-£e® 


4.6 Assume no shading of the collector array in this example. 
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4.3 (Continued) 


, ' 
5 Collector Combined Performance Characteristics FR(Ta), FRU, 
Selle eda ee See es 
The values and calculations developed in this section are tabulated in Worksheet F. 


5.1 Collector Performance Characteristics, Fa(ta)n, FRU, 


The collectors are constructed with a single glass cover plate and an aluminum parallel 
flow absorber coated with a non-selective flat black paint. Area of collector Ac = 56 ft*. 


In this case the collector manufacturer has provided a thermal performance 
efficiency curve as shown below for the collector, operating with a volumetric 
flow rate of 1.8 gal/ft2 of collector/hour and with the reference temperature 
equal to the inlet fluid temperature. This corresponds to case 1 in the calcu- 
lation method and the performance characteristics are obtained directly as 


follows: 






Y-Intercept y, (ra), - .61 


Slope FU - 1.35 





t,-t, Cicbe:te?, 
a ee 


Figure A-26 


Fly = .81Btu/h-°F-ft2 as determined from the slope of the efficiency curve 
shown in Figure A-26. 


Fr(ta), = 1.35 as determined from the intercept of the efficiency curve with 
the y axis. 


5.2 Incident Angle Modifier, ee 


The incident angle modifier is calculated on Worksheet F. 
F 


5.3 Collector Loop Heat Exchanger Modifier, 7 
The collector loop heat exchanger modifier is calculated on Worksheet F, 
6 Correction Factor, Kj, K2, K3, K4 
Correction factors Kj, K2, K3, Ky, are calculated on Worksheet G. 
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WORKSHEET F COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, FR (7a). FRU, 


prosect: HG) Example, Pt G/acth. Tx 


(3.5.1) Collector Efficiency Data From Test 





intercept, b = F, (ta) = ,8/ 
slope, m= FLU =/.3S" 
RL t +t 
ou 


in t 
Reference Temperature Basis: 1.) 2. 7) ~ Se Cie 


z 
Collector area, A. = 36 # 
Collector volumetric flow rate = £8 ga/ /ft*. 4 


Correction to tin basis: 


Case 1: (no correction) F, (ta) 


FUL 


Case 2: F,(ta)_ = b x}————— = 
R = 1+™, 


2c. i. given in A 


~ ae «(Volumetric time es 
C, Pid (Fow Abie) (aensity) ‘pce elige (saat 


4930.2 


(9 BE) Ge mt) (1.9 2) (t FE) = 839.66 Fe 


specific ) 


where: for liquids, density =(8.33 1b/gal) x (gravity o) qaiers 


for air, density = 0.75 1b/ft, at 70° and 1 atm. 
specific heat = 0.24 Btu/lb-°F 


1 
Case 3: F (ta) = bx = 
R " 1+™. 
c 
c 
1 
FLU. =mx = 
ae" 
c 


(ma) _ }, for two cover plates 
(3.5.2) Incident Angle Modifier, (ra), for cna cover plate 
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4.3 (Continued) 


WORKSHEET F_ (Continued) 


F’ 
(3.5.3) Collector Loop Heat Exchanger Modifier, = 


R 
for air systems and liquid systems without a collector/storage heat exchanger, 
' 
FR 
weit 2 
R 


Capacitance Rate 
Cc. = (from above) = $34.7 ate 


a 
C, = (calc. as for C_ above) =(is ts!) (2.33 2 )(co =) (/ te). 874.6 od 
Cin ~ (lesser of C_ of C.) = 534.7 


Collector Storage Heat Exchanger Effectiveness, ‘cs = ©- . 
Ce 394.¢ 


*” ea Gagan | 9 C099.72 > 4339 Celovble well, counter How) 
FRU , 

y = AcGaby? - SUI) bee 
c 9349.7 


F 
>- = from figure A-1l or = 
FR 


eso = SS = 570 
1 + y(x-1) + .090/.339-1) * 


— F 
(3.5.4) FR (7a) = Fa(7a), x fab Es = (.81)€.93) (.47) = .730 


F! 
FLU, = FRU, x E = (7.395) (6.97) = 1-3/ 
R 
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4.3 (Continued) 


WORKSHEET G CORRECTION FACTORS, Ki Ky» K3» K, 


PROJECT DW¥4) Evamoale FY. Werth TZ 


Air Collector Flow Capacitance Rate Factor, K, 


for liquid collectors = 1.0 


for air collectors: Cc. = (from worksheet F) = 
A. = (from worksheet A) = 





c 
a = K,* (from Figure A-12) = /. Ye 
Storage Mass Capacitance Factor, K, 
M = (vol. storage media) x (density) = (/0) (#33) (/-0) = 9/6.3 
Note: M includes hot water storage 
volume where it is solar heated. 
c, = (from worksheet A) = /. 0 
(Mc_) 4 ) 
a ee 16.36 Ky (from Figure A-13) =/. 0 


Hot Vater Factcr, K, 


for liquid systems providing heating only or heating and 
hot water, and for all air systems K, = 1.0 


for DHW only systems: t.™ (from worksheet A) = (90°F 


th = (from worksheet A or if @ariable see worksheet D = °F 


t is taken from table A-4 section 5 


K, is taken from figure A-14 and tabulated on a monthly basis on worksheet C 
K, = (tabulated or const.) = 
Load Heat Exchange Factor, K 
for air systems and(Gin only systems, K, = 10> 
a7 (from worksheet A) = 


Cot water supply loop a me ; 
Coir loop " my 4 


C ee = lesser of c, or Cc, * 


UA bldg = (from worksheet D) 


US gn Ky = (from Figure A-15) =/O 


—— _ 
——— 
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5.1 NOMENCLATURE 


A, = Collector area (aperture or gross basis) (£7) 

(AU) py - Heat exchanger heat transfer factor [Btu/ (h*°F)] 

Cc. = (ac), - Fluid capacitance rate of the collector working fluid (Btu/(h-°F)] 

Coin = (tie) nin - Min. fluid capacitance rate [Btu/(h-°F)] 

Cc. = (a os = Fluid capacitance rate of the storage loop [Btu/ (h*°F)] 

c, - Fluid specific heat [Btu/(1b-°F)] 

Di D, - System performance parameters (dimensionless) 

E - Solar energy supplied for a particular month (Btu/Month) 

rot oe Solar energy supplied for an entire year (Btu/Year) 

f - Monthly fraction of total heating load supplied by solar energy 

Fann el Yearly fraction of the total heating load supplied by solar energy (Btu/Year) 
F, - Collector heat removal factor 


R 
FR - Combined form of the collector heat exchanger effectiveness (e.) and the collector 
heat removal factor (F,) 


i, - Monthly average of the daily radiation incident on a horizontal surface [Btu/ (Day- ft”) } 
I, - Monthly average of the daily extraterrestrial radiation on a horizontal surface 

[Btu/ (Day: £t”)] 
5 - Monthly average of the daily radiation incident normal to a tilted surface [Btu/(Day-ft 
I, - Solar constant, 429.2 Btu/ft? 


Ratio of the monthly averages of the daily radiation on a horizontal surface to the 
extraterrestrial radiation on a horizontal surface 


ball 
' 


- Air collector flow capacitance rate factor 
Storage mass capacitance factor 
- Hot water factor 


AP SS 


Load heat exchanger factor 

L Total heating and hot water load for a particular month (Btu/Month) 

Lot t' Total heating and hot water load for an entire year (Btu/Year) 

m - Mass of domestic hot water used for a particular month (1b) or slope of collector 
performance curve 

th - Mass flow rate of the working fluid either air or liquid (1b/h) 

M - Mass of thermal storage (1b) 

N —- Number of days in a particular month 

NTU - Number of heat transfer units (dimensionless) 

Q. - Space heating load for a particular month (Btu/Month) 

LA - Domestic hot water heating load for a particular 1 onth (Btu/Month) 

i, = Building design rate of sensible heat loss (Btu/t) 


K - Ratio of the monthly average-daily radiation on a tilted surface to that on 4 
horizontal surface 

1’ R, - Heat exchanger temperature ratios 

S - Monthly incident solar radiation on a tilted surface [Btu/(month: £t7)] 
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5.1 NOMENCLATURE (Continued) 


t, ~ Ambient air temperature (°F) 

ee Collector inlet temperature (°F) 

as Temperature of water main supply (°F) 

= Storage temperature (°F) 

t, ~ Average day-time temperature (°F) 

Coe - Collector outlet temperature (°F) 

ter 7 Reference temperature, 212°F 

t, - Temperature of domestic hot water supply (°F) 
i < 97 1/2% winter design temperature (°F) 


UA —- Building heat loss factor [Btu/(h-°F)] 
U, - Collector heat loss factor [Btu/h-°F-£t7)] 


L 
At q ~ Design temperature difference for determining heating load (°F) 
Stim ~ Log-mean temperature difference 


time - Total number of hours in a month (h) 
oo. * Effectiveness of the collector-storage heat exchanger 
Sux 7 Heat exchanger effectiveness , 


ae Effectiveness of the load heat exchanger 


€ 
6 = Collector tilt (*) 

y - Solar collector azimuth angle (For Due South = 180°) 
n 


~ Thermal efficiency (ratio of the thermal energy removed from the collector, to the 
total incident solar radiation on the collector aperture area or collector gross area, 
see section 3.5.1) 


¢ - Latitude 
(7G) - Average transmittance-absorptance product for design purposes 
(ta), ~ Transmittance-absorptance product at normal incidence 
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100 


EFFICIENCY n (» 
a 


1. 
2. 


Double Glazed, Flat Plate, Flat Black Paint 
Antireflective Double Glazed, Flat Plate, Black Chrome 
Selective Surface 

Single Glazed, Flat Plate, Black Chrome Selective Surface 
Single Glazed, Evacuated Tube, Concentric Selective 
Absorber, no rear reflector 

Linear Fresnel Lens, Tracking-concentrating, Black Chrome 
Selective Surface 

Single Glazed, Flat Plate, Flat Black Paint 

Single Glazed, Trickle Type 


2 
6 
? 1 3 

2 
1.0 “Fh ft 

a 2 3 4 5 is 7) 8 9 fn 

.02 .04 .06 .08 10 12 14 .16 18 _°C wt 

wt} = te 
Ty 


Figure A-27a Typical Thermal Efficiency Curves for Liquid 


Collectors 


Collectors Based 


Based on Collector Aperture Area 


Double Glazed, Flat Plate, Flat Black Paint 
Antireflective Double Glazed, Flat Plate, Black Chrome 
Selective Surface 

Single Glazed, Fiat Place, Black Chrome Selective Surface 
Single Glazed, Evacuated Tube, Concentric Selective 
Absorber, no rear reflector 

Linear Fresnel Lens, Tracking-Concentrating, Black Chrome 
Selective Surface, (based on sweep area) 





Figure A-27b Typical Thermal Efficiency Curves for Liquid 


on Collector Gross Frontal Area 
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Figure A-28 Typical Thermal Efficiency Curves for Flat Plate 
Collectors Using Air as the Working Liquid (12] 
(Q indicates flow rate in standard cubic feet 
per minute (scfm) per unit collector area) 
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* ) 
pehekass| Trpobel ey 


Glass, water white crystal 
Glass, untreated sheet 


Glass, untreated plate 
Polycarbonate 

Fiberglass 

Polyvinyl fluoride 
Polymethyl methacrylate 
FEP Teflon 

Polyimide 

Polyethyelene Terephthalate 













Table A-1 Solar Transmittance of various cover materials, 


tia 


Black Chrome 
Black Nickel 
Anodize 


Copper Oxide 

Black Paint, Inorgar.ic 
Black Paint, Acrylic 
Black Paint, Silicone 





*Dependent upon thickness and vehicle-to- binder ratio 


Table A~-2. Solar Absorptance of several absorber coating 
materials, 
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Yeorly 
93 108 9 0 
19 0 



















































363 555 462 2551 

127 | 426 | 663 3070 

22 | 213 357 0 | 1560 

68 | 330 527 0 | 2291 

930 |1284 | 1572 315 |10864 

1203 |1833 | 2254 222 |14279 

725 | 921 | 1135 381 | 9075 

1094 [1455 | 1820 $73 |14171 

46 201 | 558 | 867 | 1073 180 | 7152 

0 0 0 234 415 0| 1765 

0 0 oO; 25 | 231 406 0] 1800 

0 0 6 | 245 | 711 | 1008 0} 4782 

0 0 0 0 | 108 264 0| 974 

0 0 | 12] 127 | 450] 704 0 | 3292 

0 0 9 | 127 | 465 | 716 0 | 3219 

0 0 0; 78 | 345 | 561 0 | 2533 

(i) 0 0} 37 | 282] 5so2 O| 2122 

0 0 48 | 260 | 576 797 36 | 4275 

28 | 37 | 108 | 347 | 594 | 781 195 | $596 

0 0 6} 43] 177] 301 18 | 1646 

270 | 257 | 258 | 329 | 414 499 285 | 4643 

0 0 O| 84 | 354 377 6| 2611 

0 0 9| 47] 171 | 316 24 | 1803 

28 28 42 78 | 180 291 81.) 2061 

0 0 6 31 | 132 229 18 | 1349 

25 | 34 | 123 | 406 | 696 | 902 159 | 5722 

$3 | SO | 45] 127 | 309 | 481 90 | 2870 

0 0 0 53 | 318 555 O| 2515 

0 0 0} 36} 321 546 0 | 2502 

0 0 O} 62 | 312 533 0 | 2419 

0 0 | 30) 202 | 480 | 691 57 | 4209 

43 | 135 236 42 | 1458 

143 | 306 462 126 | 3015 

118 | 231 388 180 | 3001 

146 | 270 391 165 | 2967 

Colo. 5 639 ;1065 | 1420 168 | 8529 
9 456 | 825 | 1032 6423 

6 9 428 | 819 | 1035 66 | 6283 

0 0 366 | 714 905 48 | 5524 

0 0 313 | 786 | 1113 21 | 5641 

0 0 326 | 750 986 15 | 5462 

Conn. 0 0 307 | 615 986 27 | $617 
0 12 394 | 714 | 1101 33 | 6235 

o| 12 347 | 648 | 1011 45 | 5897 

Del. WI£IMINION.........0.000ecesereeeerer 0 0 270 | 588 927 6 | 4930 
Dc. Washington .....cccsscsecseeessesee 0 0 217 | 519 834 0 | 4224 
Fla. Apalachicola c 0 0 16 | 153 319 0 | 1308 
Daytona Beach.. -A 0 0 0 75 211 0 879 
Fort Myers.... LA 0 0 0 24 109 O| 442 
Jacksonville ... A tt) 0 12 | 144 | 310 0 | 1239 
0 0 0 0 28 0 108 

0 0 Oo} 57] 164 0} 661 

0 0 0 0 65 0 214 


*Data for United States cities from a publication of the United States Weather Burcau, Monthly Normals of Temperature, Precipitation and Heating Degree Days. 
1962, are for the period 1931 to 1960 inclusive. These data also include information from the 1963 revisions to this publication, where available. 
*Data for airport stations, A, and city stations, C. are both given where available. 
€Data for Canadian cities were computed by the Climatology Division, Department of Transport from normal monthly mean temperatures, and the monthly values 
of heating degrce days data were obtained using the National Research Council computer and a method devised by H. C. S. Thom of the United States Weather Bureau. 
The heating degree days are based on the period from 1931 to 1960. 


Sate from ASHKAE Handbook ef Fundunentale, 1972 
Table A-3 Average Monthly and Yearly Degree Days (Base 65°F) 
and 97 1/2% Winter Design Temperatures (a, b, c, d) 


From: ASHRAE Systems Handbook 1976 
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Mich. 


Mont. 


Neb. 


N.H. 


NJ. 


N.Y. 
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Wiater Ye 
ic eo FE = ed esi SLT eg6 de afd ra 
pena LA —% 68 am 912 | 1268 1299 | 1218 a 8506 
LA 0 738 | 1088 1 181 1058 | 936 6232 
A 0 0 %6 $3 738 | 1088 | 1194} 1061 | 933 334 3 7 6293 
A 0} 0 | 90] 357 | 750 | 1104 | 1190 | 1053 | 921 | $19 | 229 | 45 | 6258 
.C | =-3 | $9 | 87 | 243 | 539 | 924 | 1293 | 1445 | 1296 | 1203 | 777 | 456 | 159 | 8481 
me 3 | 16] 40 | 159 | 465 | 843 | 1212 | 1330 | 1198 | 1066 | 639 | 319 | 90 | 7377 
LA 6 9 | 28 | 135 | 434 | 804 | 1147 | 1259} 1134] 1011 | 579 | 279 | 75 | 6894 
A 6 6 | 22 | 138 | 431 | 813 | 1163 | 1262} 1142 | 1011 | 579 | 273 | 69 | 6909 
c|-4] 59 | 81 | 240 | 527 | 936 | 1268 | 1411 | 1268 | 1187 | 771 | 468 | 177 | 8393 
A g | 12] 28 | 120 | 400 | 762 | 1088 | 1209} 1100| 995 | $94] 310] 78 | 6696 
ww A | - g | 96 | 105 | 279 | $80 | 951 | 1367 | 1525} 1380] 1277 | 810 | 477 | 201 | 9048 
aA | 725] 71 | 109 | 330 | 632 |1131 | 1581 | 1745 | 1518 | 1355 | 840 | 490] 198 | 10000 
A | -10 | 22 | 31 | 189 | $05 |1014 | 1454 | 1631 | 1380 | 1166 | 621 | 288 | 81 | 8382 
uu A | -13 | 25 | 34 | 186 | 474 |1005 | 1438 | 1593 | 1366] 1150] 630] 301 | 93] 8295 
an A | 24 0} o| Oo} 65 | 315 | So2| 546] 414) 310} 87] O 0} 2239 
Al 24 0} oO 0] 81 | 339] 518 | 543] 417] 310) 81 0] 0} 2289 
wa If! 26 0} oO] O| 53] 279 | 462] 512| 384] 282) 69| O} O| 2061 
may, 6 o| o| 54] 251 | 651 | 967 | 1076| 874] 716| 324] 121] 12 
A 8 0] © | 39] 220] 612 | 90S | 1032} 818] 682) 294] 109 0} 4711 
A 3 0} 6] 60| 285 | 708 | 1039 | 1172 | 949 | 769 | 348] 133| 15 | 5484 
A 8 0} 0 | 60| 251 | 627 | 936 | 1026} 848 | 704| 312] 121} 15] 4900 
Cc fey 0} 0 | 36] 202 | 576| 884 | 977] 801| 651| 270] 87 0| 4484 
ww A | Jo 0} ©O| 45] 223 | 600 | 877 973] 781 | 660] 291} 105 6 | 4900 
RU A aie 6 | 15 | 186 | 487 | 897 | 1135 | 1296 | 1100} 970} 570] 285| 102 | 7049 
A | 31 | 47 | 270 | 608 {1104 | 1466 | 1711 | 1439 | 1187 | 648 | 335 | 150 | 8996 
A | 726 | 28 | 53 | 258 | 543 | 921 | 1169 | 1349 | 1154 | 1063 | 642 | 384 | 186 | 7750 
A 28 | 53 | 306 | 595 |1065 | 1367 | 1584 | 1364 | 1181 | 657 | 338 | 162 | 8700 
a C | -15 19 | 37 | 252 | $39 |1014 | 1321 | 1528 | 1308 | 1116 | 612 | 304| 135] 8182 
A | 7-13] 31] $9 | 294] 601 |1002 | 1265 | 1438 | 1170} 1042 | 651 | 381 | 195 | 8129 
A|-3 | 50] 99 | 321 | 654 |1020 | 1240 | 1401 | 1134 | 1029 | 639 | 397] 207] 8191 
A} -15 6 174 | 502 | 972 | 1296 | 1504 | 1252 | 1057 | 579 | 276 | 99] 7723 
A | -% | 34] 74 | 303 | 651 |1035 | 1287 | 1420 | 1120] 970) 621 | 391 | 219 | 8125 
tA; aa 4 0} 6 | 108 | 381 | 834 | 1172 | 1314} 1089 | 908 | 462 | 211 | 45 | 6530 
c oO 0} 6 | 75 | 301 | 726 | 1066 | 1237| 1016| 834 | 402] 171 | 30] 5864 
Al P= 7 9 | © | 411 | 397 | 873 | 1234 | 1414] 1179 | 983 | 498 | 233 | 48 | 6979 
Al] -2 0} 6 | 123 | 440 | 885 | 1166 | 1271 | 1039} 930| 519 | 248 | 57 | 6684 
A/-1 0} 12 | 105 | 357 | 828 | 1175 | 1355] 1126 | 939 | 465 | 208 | 42 | 6612 
Ail _.é 0} © | 138 | 459 | 876 | 1128 | 1231 | 1008 | 921 | $52 | 285 | 75 | 6673 
A 9 | 12 | 165 | 493 | 942 | 1237 | 1395 | 1176 | 1045 | 579 | 288 | 84 | 7425 
EA! let? 9 | 34 | 225 | 561 | 924 | 1197 | 1314 | 1036 | 911 | 621 | 409 | 192 | 7433 
A|~2 | 28 | 43 | 234! 592 | 939 | 1184 | 1308 | 1075 | 977) 672 | 456 | 225 | 7733 
A 26 0 O| 78 | 387 | 617 | 688| 487 | 335) 111 6 0 | 2709 
A 7| 43] 87 | 204] 490 | 801 | 1026 | 1073 | 823 729] $10 | 357| 189 | 6332 
QA 5 0 | 34 | 210 | $36 | 876 | 1091 | 1172| 916] 837 573 | 363) 153 | 6761 
Concord A) ee? 6 | 50 | 177 | 50S | 822 | 1240 | 1358 | 1184 | 1032 | 636 | 298 | 75 | 7383 
Mt. Washington Obsv.............. 493 | 536 | 720 |1057 [1341 | 1742 | 1820} 1663 | 1652 | 1260 | 930 | 603 | 13817 
Atlantic City .. uA | 18 0} © | 39] 251 | $49 | 880 | 936] 848| 741 | 420/ 133| 15 | 4812 
Ko. A) eas 0} ©} 3 | 248 | $73 | 921 | 983| 876| 729 | 381 | 118 0 | 4589 
= Ci 86 0} 0 | 57| 264 | $76 | 924 | 989] 885 | 753 | 399] 121) 12] 4980 
A) hed? 0! o| 12] 229 | 642 | 868 | 930| 703) $95 | 288| 81 0 | 4348 
A. { o| 6 310 | 699 | 899 | 986 | 812] 747 | 429 | 183) 21 | $158 
Lae 2 9 | 28 | 126 | 431 | 825 | 1048 | 1116 | 904 | 834 | 543 | 301 | 63 | 6228 
Al 99 0} ©] 18| 202 | 573 | 806 | 840| 641 | 481 | 201| 31 0 | 3793 
wAl 18 0} oO 6| 183 | $25 | 729 | 791) 605] 518 | 261) 87 0 | 3707 
cA 0 0} 19 | 138 | 440 | 777 | 1194 | 1311 $64 | 239 | 45 | 6875 
Alife. 5 0} 9 | 102 | 375 | 699 | 1108 | 1218 498 | 186 | 30] 6201 
A 22: | 65 | 201 | 471 | 810 | 1184 | 1277 645 | 313| 99 | 7286 
Binghamton .... er 2 0 | 28 | 141 | 406 | 732 | 1107 | 1190 $43 | 229 45 | 6451 
Buffalo .. A 6 | 19 | 37 | 141 777 | 1156 | 1256 645 | 329 | 78 | 7062 
New York (Cent. Park)... C ) 15 0} Oj} 30! 233 | 540 | 902 | 986 408 | 118 9 | 4871 
New York (La Guardia) .... A | 16 0.) OC | 27 | 223 | 528 a8? | 973 414 | 124 6 | 4811 
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1h York (Kennedy) . g an 
0} 22 

6| 28 

0 t) 

0 0 

0 i) 

0 LY) 

0 0 

0 0 

0 0 

4 | 28 

40 | 53 

28) 37 

31) 43 

0 9 

0 0 

9 | 25 

0 6 

0 0 

1) 6 

9] 22 

0 6 

Oo; 16 

6|] 19 

0 ts) 

0 0 

46 | 130 

12) 37 

4) M 

84 | 124 

0 0 

0 0 

25 | 28 

12] 16 

22] 16 

37 | 31 

0 0 

Setiitre o| 25 
Harrisburg 0 0 
Philadelphia . 0 0 
Philadelphia 0 0 
Pittsburgh 0 9 
Pittsburgh. 0 0 
Reading.. 0 0 
Scranton .... Oo; 19 
Williamsport...... 0 9 
R. 1. Block Island oO} 16 
Providence o;} 16 
$.C. Charleston ... 0 t)) 
Charleston 0 0 
Columbia . 0 0 
0 0 

i) 0 

S. D. 9] 12 
Rapid City 22 | 12 
Sioux Falls ... 19 | 25 
Tenn. 0 t) 
0 0 

0 0 

0 0 
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Charlottetown... 
Summerside 





"The data for these normals were from the full ten-year period 1951-1960, adjusted to the standard normal period 1931-1960. 
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Radiation and Other Data for 80 Locations in the United States 
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Gy Monthly average daily total radiation on a horizontal surface, Btu/day-ft2; Ky=the fraction of the extra terrestrial radia- 
tion transmitted through the atmosphere; ty=verage daytime ambient temperature, °F) 


ALASKA 

Annette Is........se000. In 
Lat 55°02'N 
El. 110 £e..ccecceceeees %q 






BArrOW.ccccccccccseceees Ip 
Lat. 71°20'N .. 
El. 22 £t...ccweevecsres 






ba) 
BChAlicacccccecewcssseot In 
Lat.60°47'N. Kr 
ba) 


El. 436 £6. cececcccccess 


Matanuska...seseeeeereee Ty 
Lat.61°30'N........ 
El. 180 ft..scsesesseees 





ALBERTA a 
Edmonton.....sseeeeeeees Ly 
Lat.53°35'N wcosecseseee Ke 
El. 2219 Et..cccceseeses %o 














ARKANSAS 
Little Rock....ssseeeees Iq 
Lat.34°44'N .. Ke 
El. 265 ft.... to 
TH 
Kr 
Bl. L112 Ft..ccccccceree "oO 
TUCEON. oe eeerereescecers Ty 
Lat. 32°07"M....c0000 Kr 
Bl. 2556 ft. rscccceseves to 


CALIFORNIA 


Davis....... 
Lat. 38°33'N 
EL. SL £E..ccccceees 









Lat. 36°46'N 
El. 331 ft.... 


Ta 

Ke 

fo 

i 

Ke 
fo 
Inyokern....-.seeeeeeees Ty 
Lat. 35° 39'N... Ke 
El. 2440 ft..escccceeees to 
Ty 

Kr 

t, 

dy 

Ke 

6 

dy 

t 

& 





Los Angeles, (WBO)...... 
Lat.34°03'N «+. eeeee 
Bl. 99 £Gcccccsccvcccces 





Los Angeles, (WBAS) ..... 
Lat. 33°56'N e 
El. 99 fr.. 





Riverside.......s+eseeee 
Lat. 33°57'N eles 
El. 1020 ft..csccoccseee 


Santa Maria..... 
Lat. 34°54'N, 
El. 238 £e..cccccccevece bo 





COLORADO 


Grand Junction........-. I 
Lats, 39°07 "Re wccccccccas Ke 
hee 7? ey ee me 








El. 8389 ft....eseevee & 


From: Applications of Solar Energy for lleating 


Jan 


236.2 
0,427 
35.8 


848 
0.597 
26.9 


735 
0.541 
18.5 


Feb Mar 
428.4 883.4 
0.415 0,492 
37.5 39.7 

143.2 713.3 
0.776 0.773 
“15.9 -12.7 


4048 1052.4 
0.557. 0.704 


11.6 14.2 
283.4 860.5 
0.556 0.674 
0.3 13.0 
345 = 

0.503 - 

21.0 27.4 


652.4 1165.3 
0.585 0.624 
14 26.3 


974.2 1335.8 
0.458 0.496 
48.5 56.0 


1514.7 1967.1 
0.691 0.716 


58.8 64.7 
1453.8 - 

0.646 - 

57.3 62.3 
945 1504 
0.490 0.591 
52.1 56.8 


1116.6 1652.8 
0.551 0,632 


53.9 59.1 
1554.2 2136.9 
0.745 0.803 
53.9 59.1 


1223.6 1640.9 
0.568 0.602 
59.2 61.8 


1284.1 1729.5 
0.596 0.635 
56.9 59.2 


1335 1750.5 
0.617 0.643 


57.0 60.6 
1296.3 1805.9 
0.613 0.671 
55.3 57.6 


1210.7 1622.9 
0.633 0.643 


35.0 44.6 
1135.4 1579.3 
0.615 0.637 
23.1 28.5 


Apr May 
1357.2 1634.7 
0.507 0.484 
44.4 51.0 
1491.5 1883 
0.726 0.553 
2.1 20.5 


1662.3 1711.8 
0.675 0.519 
29.4 42.7 


1481.2 1806.2 
0.647 0.546 
32.2 50.5 


1327.46 1628.4 


0.545 0.494 
38.6 50.3 


1541.7 1900.4 


0.564 0.558 
42.9 55.4 
1669.4 1960.1 
0.513 0.545 
65.8 73.1 


2388.2 2709.6 
0.728 0.753 
72.2 80.8 
2434.7 - 
0.738 - 
69.7 78.0 
1959 2368.6 
0.617 0.662 
63.1 69.6 
2049.4 2409.2 
0.638 0.672 
65.6 73.5 
2594.8 2925.4 
0.8 0.815 
65.6 73.5 
1866.8 2061.2 
0.571 0.573 
64.3 67.6 


1948 2196.7 


0.595 0.610 
61.4 64.2 
1943.2 2282.3 
0.594 0,635 
65.0 69.4 
2067.9 2375.6 
0.636 0.661 
59.5 61.2 


2002.2 2300.3 
0.632 0.643 
55.8 66.3 
1876.7 1974.9 
0.597 0.553 
39.1 48.7 


A-103 


Jun 


1638.7 
0.441 
56.2 


2055.3 
0.533 
35.4 


1698.1 
0.458 
55.5 


1970.8 
0.529 
62.4 


1727.6 
0.466 
57.6 


1914.4 
0.514 
61.3 


2091.5 
0.559 
76,7 


2781.5 
0.745 
89.2 


2601.4 
0698 
87.0 


2619.2 
0.697 
75.7 


2641.7 


0.703 
80.7 


3108.8 


0.830 
80.7 


2259 
0.605 
70.7 


2272.3 
0.608 
66.7 


2492.6 
0.667 
74.0 


2599.6 
0.695 
63.5 


2645.4 
0.704 
75.7 


2369.7 
0.63 
56.6 


Jul 


1632.1 
0.454 
58.6 


1602.2 
0.448 
41.6 


1401.8 
0.398 
56.9 


1702.9 
0.485 
63.8 


1526.9 
0.434 
60.1 


1964.9 
0.549 
66.6 


2081.2 
0.566 
85.1 


2450.5 
0.667 
94.6 


2292.2 
0.625 
90.1 


2565.6 
0.697 
81 


2512.2 


0.682 
87.5 


2908.8 


0.790 
87.5 


24284 


0.66 
75.8 


2413.6 
0.657 
69.6 


2443.5 
0.665 
81.0 


2540.6 
0.690 
65.3 


2517.7 
0.690 
82.5 


2103.3 
0.572 
62.8 


and Cooling of Buildings, ASHRAE [17] 


Aug 


1269.4 
0.427 
59.8 


953.5 
0.377 
40.0 


938.7 
0.336 
54.8 


1247.6 
0.463 
58.3 


1169 
0.419 
58.1 


1528 
0.506 
63.2 


1938.7 
0.574 
84.6 


2299.6 
0.677 
92.5 


2179.7 
0.640 
87.4 


2287.8 
0.687 
79.4 


2300.7 


0.686 
84.9 


2759.4 


0.820 
84.9 


2198.9 


0.648 
76.1 


2155.3 
0.635 
70.2 


2263.8 
0.668 
81.0 


2293.3 
0.678 
65.7 


2157.2 
0.65 
79.6 


1708.5 
0.516 
61.5 


Sep 


962 
0.449 
54.8 


428.4 
0.315 
31.7 


755 
0.406 
47.4 


699.6 
0.419 
47.1 


737.3 
0.401 
50.2 


1113.3 
0,506 
54.2 


1640.6 
0,561 
78.3 


2131.3 
+722 
87.4 


2122.5 
0.710 
84.0 


1856.8 
0.664 
76.7 


1897.8 
0.665 
78.6 


2409.2 
0.834 
78.6 


1891.5 
0.643 
74,2 


1898.1 
0.641 
69.1 


1955.3 
0.665 
78.5 


1965.7 
0.674 
65.9 


1957.5 
0.705 
71.4 


1715.8 
0.626 
55.5 


Oct 


454.6 
0.347 
48.2 


152.4 
0.35 
18.6 


430.6 
0.432 
33.7 


323.6 
0.416 
29.6 


373.8 
0.390 
37.7 


704.4 
0.504 
44,1 


1282.6 
0.552 
67.9 


1688.9 
0.708 
75.8 


1640.9 
0.672 
73.9 


1235.5 
0.598 
67.8 


1415.5 
0.635 
68.7 


1819.2 
0.795 
68.7 


1362.3 
0.578 
69.6 


1372.7 
0.574 
66.1 


1509.6 
0.639 
71.0 


1566.4 
0.676 
64.1 


1394.8 
0.654 
58.3 


1212.2 
0.583 
45.2 


913.6 
0.484 
54.7 


1290 
0.657 
63.6 


1322.1 
0.650 
62.5 


795.6 
0.477 
57 


906.6 
0.512 
57.3 


3170.1 
0.743 
57.3 


1053.1 
0.548 
65.4 


1082.3 
0.551 
62.6 


1169 
0.606 
63.1 


1169 
0.624 
60.8 


969.7 
0.59 
42.0 


775.6 
0.494 
30.3 


Dec 


1040.9 
0.652 
56.7 


1132.1 
0.679 
56.1 


550.5 
0.421 
48.7 


616.6 
0.44 
48.9 


1094, 
0.742 
48.9 


877.8 
0.566 
60.2 


901.1 
0.566 
58.7 


979.7 
0.626 
57.2 


943.9 
0.627 
56.1 


793.4 
0.621 
31.4 


660.5 
0.542 
22.6 


49 30.2 


DISTRICT OF COLUMBIA 

Washington (WBCO)......+ 
Lat. 38°S1'N.... aeeee 
Bl, 66 £o..cccccsseeeeee 








El. 35 £t..+ee0 


Gainesville.....sssseass 
Lac. 29°39" 
Bl. 165 fe..cccecececeee 





Miami 
Lat. 25 . 
EL. 9 EO. cccceeeeseereee 





TOMPB.ccecscccessseceees 
Lat. 27°55'N 
El. 11 ft.. 





El. 976 Elsscesseeereees 





Griffin. ...ccessecceeees 
Lat. 33°15'N oe 
El. 980 £t..sssseeeveees 


ano 


Boise... cceeesasecsscees 





ILLINOIS 
Lemont... 
Lat. 41°40'N 
El 595 ft..cseseceensees 


ENDIANA 

Indianapolis....+.+.+++ 
Lat. 39°44'N 
El. 793 £€..ccecceseees 


Dodge City...sssecveees 
Lat. 37°46'N.. 









El. 979 fe... cess ceeeee 


LOULSLANA 

Lake Charles 
Lat. 30°13'N sees 
EL. 12 ft..ccsssccccces 





MAINE 


Caribou. ..scsecceeeeree 
Lat. 46°52'N.. 
El. 628 ft.. 








Portland......seesseees 
Lat. 43°39'N.. 
El. 63 fr.. 


MANITOBA 
Winnipeg......eeeeeees . 
Lat. 49°54'N . 
Bl. 786 ft.rreccecesees 








MASSACHUSETTS 


Blue Hill......eeeeeeee 
Lat. 42°13'N 
El. 629 ft.... 
* 
BOBton...seeeeecseseces 
Lat. 42°22'N.. 
Bl. 29 Ee..ccrdseseeoes 












1378.2 
0.584 
59.0 


1324.7 
0.56 
63.1 


1554.6 
0.616 
72.0 


1461.2 
0.600 
65.7 


1080.1 
0.496 
49.6 


1135.8 


0.517 
51.0 


38.8 


Table A-4 (Continued) 


Mar Apr May Jun 
1255 1600.4 1846.8 2080.8 
0.496 0.504 0.516 0,553 
48.1 57.5 67.7 76.2 
1654.2 2040.9 2268.6 2195.9 
0.576 0.612 0.630 0.594 
62.9 69.5 76.4 61.8 
1635 1956.4 1934.7 1960.9 
0.568 0.587 0.538 0.531 
67.5 72.8 79.4 83.4 
1828.8 2020.6 2068.6 1991.5 
0.612 0.600 0.578 0.545 
73.8 77.0 79.9 82.9 
1771.9 2016.2 2228 2146.5 
0.606 0.602 0.620 0,583 
68.8 74.3 79.4 83.0 
1426.9 1807 2618.1 2002.6 
0.522 0.551 0.561 0.564 
55.9 65.0 73.2 80.9 
1450.9 1923.6 2163.1 2176 
0.528 0.586 0.601 0.583 
59.1 66.7 74.6 81.2 
1280.4 1814.4 2189.3 2376.7 
0.548 0.594 0.619 0.631 
45.0 53.5 62.1 69.3 
1255.7 1481.5 1866 2041.7 
0.520 0.477 0.525 0.542 
39.5 49.7 59.2 70.8 
1184.1 1481.2 1828 2042 
0.472 0,47 0.511 0.543 
43.0 54.1 64.9 74.8 
1565.7 1975.6 2126.5 2459.8 
0.606 0.618 0.594 0.655 
46.5 57.7 66.7 77.2 

1834.7 2171.2 - 
= 0.575 0.606 - 
47.4 57.8 67.5 76.2 
1487.4 1601.8 2080.4 2213.3 
0.521 0.542 0.578 0,597 
63.5 70.9 77.4 83.4 
1360.1 1495.9 1779.7 1779.7 
0.619 0.507 0.509 0.473 
24.4 37.3 51.8 61.6 
1329.5 1528.4 1923.2 2017.3 
0.569 0.500 0.544 0.536 
M4 46.8 55.4 65.1 
1354.2 1641.3 1904.4 1962 
0.661 0.574 0.550 0.524 
21.3 40.9 55.9 65.3 
1143.9 1438 1776.4 1943.9 
0.477 0.464 0.501 0.516 
6.9 46.9 58.5 67.2 
1967.1 1355 1769 1864 
0.445 0.438 0.499 0.495 
39.9 49.5 60.4 69.8 
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1968.6 
0.538 
84.8 


1898.1 
0.522 
67.2 


2095.6 
0.572 
71.1 


2123.6 
0.587 
71.9 


1881.5 
0.513 
72.3 


1860.5 
0.507 
74.5 


1761.2 
0.567 
69.4 


1622.1 
0.495 
70.6 


1570.1 
0.480 
73.8 


1446.1 
0.520 
72.2 


1703.3 
0.559 
80.6 


1190.4 
0.504 
58.6 


1314 
0.492 
64,2 


1267.5 
0.477 
66.8 


Oct 


1083.4 
0.506 
60.9 


1544.6 
0.608 
73.2 


1312.2 
0.515 
75.7 


1436.5 
0.534 
80.2 


1493.3 
0.572 
77.2 


1243.2 
0.574 
63.7 


1169.7 
0.537 
67.2 


1321 
0.559 
75.6 


1328.4 
0.590 
69.6 


997.8 
0.510 
54.8 


1073.8 
0.545 
57.3 


678.6 
0.494 
42.3 


(639) 
(0.433) 
43.0 


662.4 
0.413 
44.2 


1065.3 
0.625 
46.5 


47.6 


1122.1 
0.524 
62.6 


415.5 
0.352 
1.3 


591.5 
0.431 
40.3 


444.6 
0.4% 
25.2 


$92.2 
0.406 
43.3 


535.8 
0.372 
46.6 


982.3 
0.543 
58.55 


919.5 
0.508 
62.4 


1183.4 
0.588 
72.6 


1119.5 
0.589 
65.5 


751.4 
0.474 
47.7 


781.5 
0.487 
49.4 


456.8 
0.442 
33.1 


(531) 
(0.467) 
30.6 


491.1 
0.391 
33.4 


873.8 
0.652 
36.8 


681.5 
0.513 
38.5 


875.6 
0.494 
56.9 


398.9 
0.470 
16.8 


507.7 
0.491 
28.0 


4930.2 


Table A-4 (Continued) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


MASSACHUSETTS Contd.) 


504.4 762.4 1132.1, 1392.6 1704.8 1958.3 1873.8 1607.4 1363.8 996.7 636.2 521 
0.398 0.431 0.469 0.449 0.480 0.520 0.511 0.489 0.508 0.496 0.431 0.461 
32.2 31.6 39.0 48.3 58.9 67.5 74.1 72.8 65.9 56 46 4.8 


425.8 739.1 1086 1249.8 1732.8 1914 1884.5 1627.7 1303.3 891.5 473.1 379.7 
0.35 0.431 0.456 0.406 0.489 0.508 0.514 0.498 0.493 0.456 0.333 0.349 
26.0 26.4 35.7 48.4 59.8 70.3 74.5 72.4 65.0 53.5 40.0 29.0 





Bl. B56 £t..csecccccvece 


to 
Sault Ste. Marie........ Ty 488.6 843.9 1336.5 1559.4 1962.3 2064.2 2149.4 1767.9 1207 809.2 392.2 359.8 
Lat. 46°28'N...... Ke 0.490 0.560 0.606 0.526 0.560 0.549 0.590 0.554 0.481 0.457 0.323 0.408 
EL. 724 Et.ccecveseesees by 16.3 16.2 25.6 39.5 $2.1 61.6 67.3 66.0 57.9 46.8 33.4 21.9 






MINNESOTA 


St. Cloud. ..eeseeeeeeeee 
Lat. 45°35'N. 
El. 1036 £t.....ccccecee 


MISSOURI 


Columbia... .seeeeeeeeeee i 651.3) 941.3 1315.8 1631.3 1999.6 2129.1 2148.7 1953.1 1689.6 1202.6 839.5 590.4 
Lat. 38°58!N. Kk, 0.458 0.492 0.520 0.514 0.559 0.566 0.585 0.588 0.606 0.562 0.510 0.457 
El. 785 ft.....sseeseees Oy 32.5 36.5 45.9 57.7 66.7 75.9 81.1 79.4 71.9 61.4 46.1 35.8 





Ty 632.8 976.7 1383 1598.1 1859.4 2003.3 2087.8 1828.4 1369.4 A90.4 545.4 463.1 
Ke 0.595 0.629 0.614 0,534 0.530 0.533 0.573 0.570 0.539 0.490 0.435 0.504 
t 13.6 16.9 29.8 46.2 58.8 68.5 74.4 71.9 62.5 50.2 32.1 18.3 








Glasgow........ 
Lat. 48°13'N. 
El. 2277 ft....... 


Great Falls............. Iy 524 869.4 1369.7 1621.4 1970.8 2179.3 2383 1986.3 1536.5 984.9 575.3 420.7 
Lac. 47°29'N. Kr 0.552 0.596 0.631 0.551 0.565 0.580 0.656 0.627 0.626 0.574 0.503 0.518 
HL. S664 Ete ccssocseces) bo 25.4 27.6 35.6 47.7 57.5 64.3 73.8 71.3 60.6 51.4 38.0 29.1 





Ty 572.7 965.7 1437.6 1741.3 2127.3 2261.6 2414.7 1984.5 1531 997 574.9 428.4 
Ke 0.621 0.678 0.672 0.597 0.611 0.602 0.666 0.630 0.629 0.593 0.516 0.548 
« 13.3 17.3 31.1 47.8 59.3 67.3 76 73.2 61.2 49.2 31.0 18.6 









NEBRASKA 

Lincoln..... ¢ ae 712.5 955.7 1299.6 1587.8 1856.1 2040.6 2011.4 1902.6 1543.5 1215.8 773.4 643.2 
Lat. 40°51'N. ~ Ke 0.542 0.528 0.532 0.507 0.522 0.542 0.547 0.577 0.568 0.596 0.508 0.545 
EL, 2289) ft.iis0d..0ccee ty 27.8 32.1 42.4 55.8 65.8 76.0 82.6 80.2 71.5 59.9 43.2 31.8 





NEVADA 


BLY. cccccsccccscs 
Lat. 39°17'N 
El. 6262 ft...... 


Las Vegas........seee0es Ty 1035.8 1438 1926.5 2322.8 2629.5 2799.2 2524 2342 2062 1602.6 1190 964.2 
Lat. 36°05'N Ke 0.654 0.697 0.728 0.719 0.732 0.746 0.685 0.697 0.716 0.704 0.657 0.668 
BL. cSepe ltebteccsccaces| 36 47.5 53.9 60.3 69.5 78.3 88.2 95.0 92.9 $5.4 71.7 57.8 50.2 


o 
2 
= 
e 
@ 





t 0.618 0.660 0.692 0.664 0.649 0.706 0.656 0.695 0.696 0.691 0.658 0.64 
° 27.3 32.1 39.5 48.3 57.0 65.4 74.5 72.3 63.7 $2.1 39.9 31.1 





iy 871.6 1255 1749.8 2103.3 2322.1 2649 2417 2307.7 1945 1473 1078. 
Kk, 
t 






NEW JERSEY 


Seabrook...... 
Lat. 39°30'N 
El. 100 ft.... 


> Sh 591.9 854.2 1195.6 1518.8 1800.7 1964.6 1949.8 1715 1445.7 1071.9 721.8 522.5 
Ke 0.426 0.453 0.476 0.481 9.506 0.522 0.530 0.517 0.524 0.508 0.449 0.416 
39.5 37.6 43.9 54.7 64.9 74.1 79.8 77.7 69.7 61.2 48.5 39.3 






NEW MEXICO 
Albuquerque...........6 iy 1150.9 1453.9 1925.4 2343.5 2560.9 2757.5 2561.2 2387.8 2120.3 1639.8 1274.2 1051.6 





Lat. 35°03'N..... o. Ke 0.706 0.691 0.719 0.722. 0.713 0.737 0.695 0.708 0.728 0.711 0.684 0.704 
El. 5314 ft... tenes to 37.3 43.3 50.1 59.6 69.4 79.1 82.8 80.6 73.6 62.1 47.8 39.4 
434.3 755 1074.9 1322.9 1779.3 2025.8 2031.3 1736.9 1320.3 918.4 466.4 370.8 
0.351 0.435 0.45 0.428 0,502 0.538 0.556 0.530 0.497 0.465 0.324 0.337 
27.2 26.5 uw 48.4 59.6 68.9 73.9 71.9 64.2 53.6 41.5 29.6 





dy 539.5 790.8 = 11B0.4 1426.2 1738.4 1994.) 1938.7 1605.9 1349.4 977.8 598.1 476 
Ke 0.496 0.435 9.440 0,455 0.488 0.53 0.528 0.486 0.500 0.475 0.397 0.403 

BL S20 fGs cnssiccesecwees to 35.0 49 43.1 52.5 43.3 72.2 76.9 75.3 69.5 59.3 48.3 37.7 
Ty 





SAYVALL Gs oo. daisieees sane 602.9 936.2 1259.4 1560.5 1857.2 2123.2 2060.9 1734.7 1666.8 1087.4 697.8 533.9 
Lat. 40°30'N t 0.453 0.511 0.510 9.498 0.522 0.564 0.555 0.525 0.530 0.527 0.450 0,447 
El. 20 ft.. ee octoEs te 5 M9 43.1 52.3 45.3 72.2 76.9 75.3 49.5 59.3 48.3 37.7 






dy 488.2 753.5 1026.6 1272.3 1553.1 1687.8 1662.3 1494.8 1124.7 820.6 436.2 356.8 
Ke 0.406 0,441 0.49) 9.413 0.458 0.448 0.456 0,458 0.426 9.420 0.309 0.391 





ty 24.7 24.6 4.9 44.3 61.7 70.8 76.9 73.7 64.6 53.1 40.1 28.0 

I 583 872.7 1280.4 1609.9 1891.5 2159 2044.6 17K9.6 1472.7 1102.6 686.7 551.3 

Ke 0.444 0.483 0.522 9.514 9.532 0.574 0.557 0.542 9.542 0.538 0.448 0.467 
p< ANS FY Ren ere ty 35.0 4.9 43.1 42.3 63.3 72.2 76.9 79.3 69.5 9.3 48.3 7.7 


° 
NORTH CAROLINA 


Greensboro. ty 743.9 = 1031.7) 1325.2 1755.3 198H.5 2111.4 2033.9 1810.3 1517.3 1202.6 908.1 690.8 
Lat. 36°05'N. Ke 0.469 0.499 0.699 0.563 0.554 0.563 0.55 9.538 9.527 0.531 0.501 0.479 
El. 892 Ee..cccerccccone by $2.0 46.2 yh.) 60.8 69.9 78.0 80.2 78.9 73.9 = 62.7 915i 43.2 
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Table A-4 (Continued) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


NORTH CAROLINA (Contd.) 
Hateeras....seseeceeeees 
Lat. 35°13'N. 
El. 7 ft... 


891.9 1184.1 1590.4 2128 2376.4 2438 2334.3 2085.6 1758.3 1337.6 1053.5 798.1 
0.546 0.563 0.593 0.655 0.661 0.652 0.634 0.619 0.605 0.58 0.566 0.535 
49.9 49.5 54.7 61.5 69.9 77.2 80.0 79.8 76.7 67.9 59.1 51.3 





o Fe 


NORTH DAKOTA 











Biomarck.....esseeeeeees Ty 587.4 934.3 1328.4 1668.2 2056.1 2173.8 2305.5 1929.1 1441.3 1018.1 600.4 464.2 
Lat. 46°47'N... » K& 0.594 0.628 0.605 0.565 0.588 0.579 0.634 0.606 0.581 0.584 0.510 0.547 
El. 1660 ft.....seeee00e bo 12.4 15.9 29.7 46.6 58.6 67.9 76.1 73.5 61.6 49.6 31.4 18.4 
OHTO 

Cleveland....ssssseeeees Th 466.8 681.9 1207 1443.9 1928.4 2102.6 2094.4 1840.6 1410.3 997 526.6 427.3 
Lat. 41°24" Ke 0.361 0.383 0.497 0.464 0.543 0.559 0.571 0.559 0.524 0.491 0,351 0.371 
HL. 805 ft.. fo 30.8 30.9 39.4 50.2 62.4 72.7 77.0 75.1 68.5 57.4 44,0 32.8 
Columbus. ...sseseeeeeees Ty 486.3 746.5 1112.5 1480.8 1839.1 (2111) 2041.3 1572.7 1189.3 919.5 479 430.2 
Lat. 40°00' - Ke 0.356 0.401 0.447 0.470 0.515 (0.561) 0.555 0.475 0.433 0.441 0,302 0.351 
Bl. 833 ft.rcecceseresee %o 32.1 33.7 42.7 53.5 64.4 74.2 78 75.9 70.1 58 44.5 34.0 


OKLAHOMA 


Oklahoma City........6++ 
Lat. 35°24'N... 
El. 1304 ft...cccccccees 





i 938 1192.6 1534.3 1849.4 2005.1 2355 2273.8 2211 1819.2 1409.6 1085.6 897.4 
kK, 0.580 0.571 0.576 0.570 0.558 0.629 0.618 0.565 0,628 0.614 0.588 0.608 
to 
z, 
Ke 
> 





40.1 45.0 53.2 63.6 71.2 80.6 85.5 85.4 77.4 66.5 52.2 43.1 


763.8 1081.5 1463.8 1702.6 1879.3 2235.8 2224.3 2039.1 1724.3 1314 991.5 783 
0.484 0.527 0.555 0.528 0.523 0.596 0.604 0.607 0.599 0.581 0.548 0.544 
41.2 45.6 53.8 64.2 71.6 81.1 85.9 85.9 77.5 67.6 52.6 43.9 


Stillwater.....ssseseees 
Lat. 36°09'N. 
El. 910 £t....cccsccccce 





ONTARIO 


OCCAWR. cee eeeeeeeeseeee ty 539.1 852.4 1250.5 1506.6 1857.2 2084.5 2045.4 1752.4 1326.6 826.9 458.7 408.5 
Lat. 45°20'N. » Ke 0.499 0.540 0.554 0.502 0.529 0.554 0.560 0.546 0.521 0.450 0.359 0.436 
El. 339 ft... oe fo 14.6 15.6 27.7 43.3 57.5 67.5 71.9 69.8 61.5 48.9 35 19.6 





TOFONCO.«seseescserecees Ty 451.3 674.5 1088.9 1388.2 1785.2 1941.7 1968.6 1622.5 1284.1 835 458.3 352.8 
Lat. 43°41'N. Ke 0.388 0.406 0.467 0.455 0.506 0.516 0.539 0.500 0.493 0.438 0.336 0.346 
Bl. 379 £t.ccscccccesees oq 26.5 26.0 34.2 46.3 58 68.4 73.8 71.8 64.3 52.6 40.9 30.2 





ABCOTIB..ccccccscccocces iff 338.4 607 1008.5 1401.5 1838.7 1753.5 2007.7 1721 1322.5 780.4 413.6 295.2 
Lat. 46°12" » Ke 0.330 0.397 0.454 0.471 0.524 0.466 0.551 0.538 0.526 0.435 0.336 0.332 
El. 8 ft... eve LQ 41.3 44,7 46.9 51.3 55.0 59.3 62.6 63.6 62.2 55.7 48.5 43.9 





Medford....eccecseeceeee Ip 435.4 804.4 1259.8 1807.4 2216.2 2440.5 2607.4 2261.6 1672.3 1043.5 558.7 346.5 
Lat. 42°23'N. cooe Re 0.353 0.464 0.527 0.584 0.625 0.648 0.710 0.689 0.628 0.526 0.384 0.313 
El. 1329 ft...cseeeeeeee Uo 39.4 45.4 50.8 56.3 63.1 69.4 76.9 76.4 69.6 58.7 47.1 40.5 





PENNSYLVANIA 


State College......+.++. ih 501.8 749.1 1106.6 1399.2 1754.6 2027.6 1968.2 1690 1336.1 1017 580.1 4443.9 
Lat. 40°48'N. coocee Re 0.381 0.413 0.451 0.448 0.493 0.539 0.536 0.512 0.492 0.496 0.379 0.376 
El. 1175 ft.ccceseecseee bo 31.3 31.4 39.8 51.3 63.4 71.8 75.8 73.4 66.1 55.6 43.2 32.6 





RHODE ISLAND 

New Port..ceesesseeecers Ty 565.7 856.4 1231.7 1484.8 1849 2019.2 1942.8 1687.1 1411.4 1035.4 656.1 527.7 
Lac. 41°29'N, Ke 0.438 0.482 0.507 0.477 0.520 0.536 0.529 0.513 0.524 0.512 0.44 0.460 
Bl) GOftesscscsciissccss. So 29.5 32.0 39.6 48.2 58.6 67.0 73.2 72.3 66.7 56.2 46.5 34.4 






SOUTH CAROLINA 

Charleston.........+.0++ Ih 946.1 1152.8 1352.4 1918.8 2063.4 2113.3 1649.4 1933.6 1557.2 1332.1 1073.8 952 
Lat. 32°54'N... Kr 0.541 0.521 0.491 0.584 0.574 0.567 0.454 0,569 0.525 0.554 0.539 0.586 
El, 46 ft.... « &o 53.6 55.2 60.6 67.8 74.8 80.9 82.9 82.3 79.1 69.8 59.8 54.0 





SOUTH DAKOTA 

Rapid City...csesseeeees Ty 687.8 1032.5 1503.7 1807 2028 2193.7 2235.8 2019.9 1628 1179.3 763.1 590.4 
Ke 
hr) 





Lat. 44°09'N. 0.601 0.627 0.649 0.594 0.574 0.583 0.612 0.622 0.628 0.624 0,566 0.588 
Ele: S218 Ebvccscscocceses 24.7 27.4 34.7 48.2 58.3 67.3 76.3 75.0 64.7 52.9 38.7 29.2 


TEXAS 


Brownsville............ Th 1105.9 1262.7 1505.9 1714 2092.2 2288.5 2345 2124 1774.9 1536.5 1104.8 982.3 
Lat. 25°S5'N..... Kr 0.517 0.500 0.505 0.509 0.584 0.627 0.650 0.617 0.566 0.570 0.468 0.488 
El. 20 ft.cccrecccosees & 63.3 66.7 70.7 76.2 81.4 85.1 86.5 86.9 84.1 78.9 70.7 65.2 








Ty 1247.6 1612.9 2048.7 2447.2 2673 2731 2391.1 2350.5 2077.5 1704.8 1324.7 1051.6 
t 0.686 0.714 0.730 0.741 0.743 0.733 0.652 0.669 0.693 0.695 0.647 0.626 
° 47.1 53.1 58.7 67.3 75.7 84.2 84,9 83.4 78.5 69.0 56.0 48.5 





El. 3916 ft.ccssseseeee 


Fort Worth....esesssees Th 936.2 1198.5 1597.8 1829.1 2105.1 2437.6 2293.3 2216.6 1880.8 1476 1147.6 913.6 
Lat. 32°50'N. Kt 0.530 0.541 0.577 0.556 0.585 0.654 0.624 0.653 0.634 0.612 0.576 0.563 
El. 544 ft... lo 48.1 52.3 59.8 68.8 75.9 84.0 87.7 88.6 81.3 71.5 58.8 50.8 
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TEXAS Contd.) 


Midland... 
Lat. 31°56 
El. 2854 ft...ceeeeeee 





San Antonio......sses 
Lat. 29°32'N.. 
El. 794 ft.. 





Nashville........ 
Lat. 36°07'N.. 
El, 605 £t....ceccceee 





Oak Ridge......++seee. 
Lat. 36°O1'N.. 











El. 4227 ft..cccceeeee 


WASHINGTON 


Seattle.....scssecceee 
Lat. 47°27'N 
Bl. 3866 £e....cccccces 








Seattle.. 
Lat. 47°36'N. 
El. 14 ft.cccccccccees 





tenes 


Spokane.......++.. 
Lat. 47°40'N 
E1.1968 ft....... 





WISCONSIN 


Madigon....eeceessrees 
Lat. 43°08'N 
El. 866 ft....... 





WYOMING 


Lander...ccccccccscces 
Lat. 42°48'N . 
El. 5370 ft...eeevesee 





*Original values incorrect. 


cee SH SF! oe 


cee! 


Jan 


786.3 
0.65 
20.2 


Table A-4 (Continued) 


Mar Apr May 
1784.8 2036.1 2301.1 
0.638 0.617 0.639 
60.0 68.8 77.2 
1560.1 1664.6 2024.7 
0.542 0,500 0.563 
65.0 72.2 79.2 
1246.8 1662.3 1997 
0.472 0.514 0.556 
52.9 63.0 71.4 
1241.7 1689.6 1942.8 
0.471 0.524 0.541 
$1.7 61.4 69.8 
1301.1 1813.3 - 
0.529 0.579 - 
44.4 53.9 63.1 
992.2 1507 1881.5 
0.456 0.510 0.538 
48.9 54,1 59.8 
917.3 1375.6 1664.9 
0.423 0.466 0,477 
46.9 $1.9 58.1 
1200 1864.6 2104.4 
0.556 0.602 0.603 
40.5 49.2 57.9 
1232.1 1455.3 1745.4 
0.522 0.474 0.493 
35.3 49.0 61.0 
1638 1988.5 2114 
0.691 0.647 0.597 
34.7 45.5 56.0 


Values estimated from insolation maps. 
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2301.8 
0.628 
85.7 


2364.2 
0.647 
87.4 


2079.7 
0.565 
83.2 


1972.3 


0.536 
80.2 


81.3 


2110.7 
0.581 
68.4 


1805.1 
0.498 
67.2 


2479.7 
0.684 
73.4 


2046.5 
0.559 
76.8 


2438.4 
9,665 
74.6 


1211.8 
0.492 
63.3 


1129.1 
0.459 
61.6 


1511 
0.616 
62.7 


1443.9 
0.549 
65.6 


1712.9 
0.647 
61.4 


4930.2 


42.5 


386.3 
0.336 
48.4 


325.5 
0.284 
45.7 


486.3 
0.428 
37.4 


555.7 
0.396 
37.8 


837.3 
0.589 
33.4 


1023.2 
0.611 
49,1 


954.6 
0.528 
56.5 


614.4 
0.426 
44.3 


610 
0.422 
42.5 


552.8 
0.467 
34.0 


239.5 
0.292 
44.4 


218.1 
0.269 
41.5 


279 
0.345 
30.5 


495.9 
0.467 
25.4 


694.8 
0.643 
23.8 
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5.4 WORKSHEETS FOR THE CALCULATION PROCEDURE 
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Location Latitude 


Building Heating and/or Hot Water Load 
Design Heat Loss Rate, qy 
Winter Design Temperature (97 1/2%), t, 


Average Hot Water Consumption 
(may vary on a monthly basis) 


Average Cold Water Supply (main) Temp., t, 
(may vary on a monthly basis) 


Hot Water Supply Temp., t, 
Collector Subsystem Data 

Collector Type: 
Selective or non-selective, no. cover plates 

Collector Area, A, 

Tilt Angle 

Azimuth Angle 

Collector Shading (av. % month of Dec.) 


Collector Efficiency Data 
(from manufacture): Fp(ta), 


FRU, 





"in - tout 
Reference Temp. Basis: tin 2 2 i tout 
Fluid: 
Composition: 





Specific Heat, Sp 
Specific Gravity (if applicable) 
Volumetric Flow Rate 
Storage Subsystem Data 
Volume 
Storage Medium 
Specific Heat, 5 
Specific Gravity/or Density 
Circulation Loop Volumetric Flow Rate 
Collector/Storage Heat [Exchange Effectiveness, ¢ 





cs 
Hot Water Preheat Storage Volume 


Load Subsystem Data 
Load Heat Exchanger Effectiveness, 1 
Supply Loop Volumetric Flow Rate 
Building Air Supply Volumetric Flow Rate 
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Btu/h 


gal/day 


Btu/h: ft": °F 


Btu/1b+°F 
1b/1b 
gal/min or ft/min 


gal or ft? 


Btu/1b*°F 
1b/1b or 1b/ft? 
gal/min or £t?/min 
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WORKSHEET F COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, FR (7a), FUL 








PROJECT: 
(3.5.1) Collector Efficiency Data From Test 
intercept, b = FR (ta), = 
slope, n= FUL = Wy gk 
Reference Temperature Basis: 1. Saye 2. Set, 3. a 
Collector area, A, = 


Collector volumetric flow rate - 


Correction to tin basis: 
Case 1: (no correction) FR (ta), = 
PUL B 


Case 2: FR(ta), = b x|——— = 


2c 
c 
a _ (volumetric time a) 
C. my (Fiow anal (aensity) feeeehea) rer 


specific ) 


where: for liquids, density ~ (8.33 1b/gal) x ( eat 


for air, density = 0.75 1b/£t?, at 70° and 1 atm. 
specific heat = 0.24 Btu/lb-°F 


1 
Case 3: Fi (ta) = bx 7 
ae sc 
Cc 
c 
1 
FLU. =mx = 
sak Ge 
c 


-91, for two cover plates 


(7a) 
(3.5.2) Incident Angle Modifier, (ra), .93, for one cover plate 
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WORKSHEET F_ (Continued) 


F’ 
(3.5.3) Collector Loop Heat Exchanger Modifier, = 
R 
for air systems and liquid systems without a collector/storage heat exchanger, 
' 
Fo + 
F_ = 
R 
Capacitance Rate 
Cc. = (from above) = 


Cc. = (calc. as for Cc. above) = 


Coin = (lesser of Cc. of c.) = 


Collector Storage Heat Exchanger Effectiveness, “cs = 
Ce 
eo __——— = 


Ecs Cnin 


yw ACP) 


Co 


FR 
1 
i = from figure A-11 or I + y(-l) + ya-l 


= re 
(3.5.4) FR (ta) = Fr(ta), x [ss [4 3 


F 
R 
' = — 
FUL FLUL x | 
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WORKSHEET G CORRECTION FACTORS, kK» K,» K,, 4 


PROJECT 





Air Collector Flow Capacitance Rate Factor, KR 
for liquid collectors Ky = 1.0 
for air collectors: C. = (from worksheet F) = 
A, = (from worksheet A) = 


K = (from Figure A-12) = 


a lo? 
4 


Storage Mass Capacitance Factor, K, 
M-= (vol. storage media) x (density) = 
Note: M includes hot water storage 
volume where it is solar heated. 


c = (from worksheet A) = 
(Mc_) 
ae: & Ky = (from Figure A-13) = 


A 
c 


Hot Water Factor, K, 


for liquid systems providing heating only or heating and 
hot water, and for all air systems kK, = 1.0 


for DHW only systems: ts (from worksheet A) a °F 
= (from worksheet A or if variable see worksheet D) = °F 
t is taken from table A-4 section 5 
K, is taken from figure A-14 and tabulated on a monthly basis on worksheet C 
kK, = (tabulated or const.) = 


3 


Load Heat Exchange Factor, K, 
for air systems and DHW only systems, K, = 1.0 
7 (from worksheet A) > 
Chot water supply loop * te, = 


Cote loop = he, = 


Cin ™ lesser of C, or C, 


UA bldg = (from worksheet D) 


UA 


z . K, = (from Figure A-15) = 
min & 
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Appendix Table B-2; Characteristics of Absorptive Coatings 












































Property Absorptance ou] Emittance a Breakdown Comments 
a € = Temperature 
° ° 
Material Feo 
Black Chrome -87-.93 ol 7 09 
Alkyd Enamel 9 oo 1 Durability Limited at High 
Temperatures 
Black Acrylic 92-.97 -84-.90 al 
Paint 
Black Inorganic .89-.96 -86-.93 v1 
Paint 
Black Silicone .86-.94 -83-.89 vl Silicone Binder 
Paint 
PbS/Silicone +94 «4 2.5 662 (350) Has a High Emittance for 
Paint Thicknesses >10um 
Flat Black +95-.98 -89-.97 1 
Paint 
Se 888 SO SS SS SS. ass es aS EE 
Ceramic Enamel 9 iD 1.8 Stable at High Temperatures 


Black Zinc 9 ap 9 








Copper Oxide +93 ell 8.5 392 (200) 
over Aluminum 








Black Copper +85-.90 -08-.12 7-11 842 (450) Patinates with Moisture 

over Copper 

= = eS SE Eee ee ee ee eS ae eee eee eee ee LS 
Black Chrome +92-,94 +07-.12 8-13 842 (450) Stable at High Temperatures 

over Nickel 


























Black Nickel .93 .06 15 842 (450) May be Influenced by Moisture 
over Nickel at Elevated Temperatures 
Ni-Zn-S over 96 97 14 536 (280) 

Nickel 

Black Iron +90 -10 9 

over Steel 

Dependent on thickness and vehicle to hinder ratio. 


G. E. McDonald, "Survey of Coatings for Solar Collectors", NASA TMX-71730, paper presented at Workshop on 
Solar Collectors for Heating and Cooling of Bulldings, November 21-23, 1974, New York City. 


G. E. McDonald, "Variation of Solar-Selective Properties of Black Chrome with Plating Time", NASA 
TMX-71731, May 1975. 


S. W. Moore, J. D. Balcomb, J. C. Hedstrom, "Design and Testing of a Structurally Integrated Steel 
Solar Collector Unit Based on Expanded Flat Metal Plates", LA-UR-74-1093, paper presented at U. §. 
Section-ISES Meeting, Ft. Collins, Colorado, August 19-23, 1974. 


D. P. Grimmer, S. W. Moore, "Practical Aspects of Solar Heating: A Review of Materials Use in Solar 
Heating Applications", paper presented at SAMPE Meeting, October 14-16, 1975, Hilton Inn. 


R. B. Toenjes, "Integrated Solar Energy Collector Final Summary Report", 1.A-6143-MS, Los Alamos 
Sclentific Laboratory, Los Alamos, New Mexico, November 1975, 


G. L. Merrill, "Solar Heating Proof-of-Concept Experiment for a Public School Building", Honeywell 
Inc., Minneapplis. Minnesota National Sclence Foundation Contracr No. C-R70. 


D. L. Kirkpatrick, "Solar Collector Design and Performance Experience", for the Grover Cleveland 
School, Boston, Massachusetts, paper presented at Workshop on Solar Collectors for Heating and 
Cooling of Buildings, November 21-23, 1974, New York City. 
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A ix Table B-3: Properties of ical Absorber Substrate Materials 1/ 


Material Aluminum Copper Mild Carbon Stainless 
Steel Steel 


Propert 


Elastic Modulus, 10 19 29 28 
Tension 
psi x 106 





Density 0.098 0.323 0.283 0.280 
lbs/cu.in. 





Expansion Coefficient 13.1 9,83 8.4 5.5 
(68-212°F) | 
in/in/*F x 10 6 





Thermal Conductivity 128 218 27 12 
(77-212°F 
Btu/hr-ft“-°F-ft 





Specific Heat 0.22 0.09 0.11 0.11 
(212 °F) 
Btu/1b- °F 


ne 


1/ Typical valves: standard specifications or manufacturer's literature should be 
consulted for specific types or alloys. 
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Appendix Table B-4: Standards for Piping, Valves and Ducts 


Description ANSI ASTM Federal Other 
Specifications 





Ferrous pipe & fittings 
Steel pipe, black and hot dipped zinc- 


coated (galvanized) welded and seamless WW-P-406D-1973 

for ordinary use B125.2-1972 ‘A120-73 WW-P-406D-1-1974 --- 

Steel pipe welded and seamless B125.1-1972 A53-73 --- ASME SA53 
Nipples, Pipe, threaded --- = WW-N-351b-1967 CS5-65 


WW-N-351b[1]-1970 


Pipe fittings: (bushings, locknuts and 
plugs) iron, steel and aluminum (threaded) 
125-150 lbs. --- --- WW-P-471B-1970 --- 


Malleable-iron threaded fittings, 150 
and 300 lbs. B16. 3-1971 -—- WW-P-521F-1968 --- 


Unions, pipe, steel or malleable iron; 
threaded connection, 150 lbs. and 250 
lbs. --- --- WW-U-531D -—_ 


Standard Specification for Seamless 
and Welded Ferritic Stainless Steel B125.14 A268-73 
Tubing for General Service 


Standard Specification for Seamless 


and Welded Austenitic Stainless Steel B125.15 A269-73 
Tubing for General Service 


Nonferrous metallic pipe and fittings 


Copper pipe, seamless H26.1-1973 B42-75 WW-P-377d-1962 ASME SB42 
Copper pipe, threadless H26.2-1973 B302-74a --- --- 
Copper tube, seamless H23.3-1973 B74-74b --- ASME SB75 
Copper tube, seamless, for 

refrigeration and general use H23.5-1974 B280-75 WW-T-775a-1962 --- 
Copper water tube seamless H23.1-1973 BR8-75 WW-T-799D-1971 --- 
General requirements for wrought seam- 

less copper and copper alloy tube H23.4-1973 8251-75 --- ASME SB251 
Seamless brass tube H36.1-1973 B136-74 WW-T-791A-1971 ASME SB135 
Seamless red brass pipe H27,1-1973 B43-75 WW-P-351la-1963 ASME SB43 
Bronze flanges and flanged fittings, 

150 and 300 lbs. B16. 24-1971 == ae = 
Cast-bronze fictings for flared 

copper tubes B16, 26-1967 = one ae 
Cast-bronze solder joint drainage B16.23-1969 

fittings-DMV B16,23a-1973 o— a a 

Cast bronze solder joint pressure 

firtings B16. 18-1972 --- oe se 

fast bronze thrarte? fiztiacs, #4 © 66-2967 

125 and 250 lbs. B16 15 1971 “REP -460h -2 2972 

Copper tube fittings, solder ends _ --- W-T-725n-1973 


Unions, brass or bronze, threaded pipe 
connections and solder-joint tube 
connections _- _ Wa-U-516B “- 


Unions, pipe, bronze or naval brass, 
threaded pipe connection 250 lbs. -- --- WW-U-516a-1967 —_— 
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Appendix Table B-4: continued 





Description ANSI ASTM Federal Other 
Specifications 

Welded Copper Tube -— B-447 aac =e 
Welded Copper Nickel Pipe and Tube amet B-467 c— = 
Welded Copper and Copper Alloy Tube --- B-543 ue = 
Welded Copper Alloy Water Tube _-- B-586 =< —= 
Welded Brass Tube —— B-587 —= sebers 
Welded Copper Alloy Pipe ted B-608 wee == 
Copper-silicon alloy seamless pipe 
and tube H26.3-1973 B315-75 -—— —_ 
Wrought copper and bronze solder-joint 
pressure fitting B16.22-1973 --- --- _ 
Wrought copper and wrought copper alloy 
solder-joint drainage fittings B16.29-1973 --- --- --- 
Aluminum-alloy seamless pipe and seamless 
extruded tube H38.7 B241 --- --- 
Aluminum-alloy drawn seamless tubes H38.7 B310-74a --- = 
Aluminum-alloy drawn tubes for general 
purpose application H38.17-1974 B483-73 -- -_—- 
Aluminum-alloy extruded round coiled tubes 
for general purpose application H38.18-1974 B491-73 --- -_—- 
Wrought aluminum and aluminum alloy welding 
fittings H38.19-1974 B361-73 <<e — 
Pipe hangers and supports --- --- WW-H-171D-1970 --- 


Pipe hangers and supports, materials, 
design and manufacture --- --- --- MSS sP-58-1975 2/ 


Pipe hangers and supports, selection 
and application --- --- --- MSS SP-69-1966 2/ 


Polybutylene (PB) plastic hot-water 
distribution systems (180°F Max.) --- D3309-74 --- —- 


Plastic hot-water distribution systems: 
chlorinated poly (vinyl chloride) (CPVC) 


for water service (180°F Max.) --- D2846-73 --- NSF 14-1965 
Cold water service, clamps, hose, low 

pressure --- --- WW-C-440B(2) --- 
Standard methods of testing rubber hose J2.5 D380-75 --- —_ 


Standard method of test for sealability 
of gasket materials Z193.1-1970 F37-68 --- = 


Standard method of test for fluid 
resistance of gasket materials --- F146-72 --- == 
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Appendix Table B-4: continued 





Description ANSI ASTM Federal Other 
Specifications 
Valves 
Standard for solenoid valves for use 
with volatile refrigerants and water — a = ARI 760, 1975 
Valves, pressure, reducing and regulating 
for installation on domestic water 1/ 
supply lines --- --- -== IAPMO PS15-71 = 
Water pressure reducing valves for 169D 
domestic water supply systems -—- -— --- ASSE 1003, 
Valves, automatic relief (For water/ 
steam). ANSI 21.22-1971 --- -— == 
Valves, cast iron gate, 125 & 250 1b; 
threaded and flanged --- -- WW-V-58a-1966 --- 
Combination check and relief valves --- --- --- IAPMO TSC-8-66 1/ 
Valves, ball --- --- WW-V-35a-1965 _- 
Valves, bronze, angle, check and 
globe, 125 and 150 1b, threaded 
and flanged or soldered --- --- WW-V-51d-1967 -— 
Valves, water heater drain --- --- --- ASSE 1005 
Globe type loglighter valves, 1/ 
angle or straight pattern --- --- --- IAPMO PS10-66 = 
Valves, electrically operated --- --- --- UL 429, 1955 
Valves (125 pound bronze gate) --- --- --- MSS SP 37, 1969 
Valves (150 pound corrosion resistant, 2/ 
cast, flanged) ee --- --- MSS SP 42 = 
Valves (butterfly) --- --- --- MSS SP 67, 1966 xy 
Low velocity duct construction standards --- --- --- SMACNA 
High velocity duct construction standards --- -—- --- SMACNA 
Fibrous glass duct construction standards --- --- -—= SMACNA 
Pressure sensitive tape standards 
for fibrous glass duct --- --- --- SMACNA 
Duct liner application standard --- --- --- SMACNA 
Fire damper guide --- --- --- SMACNA 


1/ International Association of Plumbing and Mechanical Officials, 5032 Alhambra Avenue, Los Angeles, 
California 90032 


2/ Manufacturers Standardization Society of the Valve and Fitting Industry, 1815 North Fort Meyer Drive, 
Arlington, Virginia 22209 
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ix Table : rature and Pressure Ratings for Ball Valves! 
Size Temperature, Materials (Pressure in psi) 
(inches) mg Bronze Iron Carbon Steel Alloy Steel 

1/2 -20 to 100 200 and 400 1000 1000 
150 400 850 850 
200 150 and 400 700 700 
TO 250 152/and 400 500 500 
300 300 300 300 
325 200 200 200 
3/4 353 125 125 125 
375 90 90 90 
400 60 60 60 
1 -20 to 100 400 720 720 
150 400 710 710 
200 400 700 700 
TO 250 400 500 500 
300 300 300 300 
3 325 200 200 200 
353 125 125 125 
375 90 90 90 
400 60 60 60 
2-1/2 -20 to 100 220 275 275 
150 205 255 255 
TO 200 190 240 240 
12 250 180 225 225 





1/ These ratings for ball valves, presented in Federal Specification WW-V-35a-1975, are 
intended for guidance and are not intended to be restrictive. Valves should not be used 
for pressures and temperatures exceeding the manufacturer's rating. 


2/ 15 pounds saturated steam temperature. 
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Appendix Table B-6: Thermal Storage Unit Containers?! 


Container Recommended?! Recommended 
Usage Transfer Pressure Container Protective Coating 
Above Below Media Conditions Standard Coating Standard 
Material Ground Ground Air Liquid High Low 2/ Compliance Ext. Int. Compliance 
a 
Aluminum x x x x x x ANSI 896.1 - - - 
1973 
—— 
Concrete x x x x x x IAPMO PSI x x Ext. MPS 
(1966) 609-7 .3 
Int. TTP-95A(3) 
27 May 66 
EEE 
Earth x x x Vapor Barrier Vapor Barrier MPS 507.2.2 
Materials as Covering of 


per ASTM £154.68 Solids Required 


Plastics x x x x x MIL-T-52777 4/ - = = 
21 Feb 1974 
ee 
Steel x x x x x x AWWA D-100 x x Ext. MPS 
(1967) 60%7.4 5/ 
Ext. & Int. 
AWWA D102 
(1964) 
a 
Wood x x x x NFO 8 (1965) = = - 


eee 


1/ Thermal Storage Unit - any container, space, or device which has the capacity to store transfer media 
(liquid or solid) containing thermal energy for later use. 


2/ Low pressure systems are those subjected to atmospheric pressure only, i.e. vented. 
3/ When applicable, ASME Boiler and Pressure Vessel Code, Section VITI may be used. 
4/ Refers to fiber reinforced polyester containers 


5/ Im lieu of interior galvanized, glass-lined or stone-lined tanks. 
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Appendix Table 8-7: Examples ot Typical Heat Transfer Licuids / 
50% Ethylene 50% Propylene Silicone Paraffinic 

Water Glycol /Water Glycol/Water Fluid Aromatics O11 
Freezing Point, 32 (0) -33 (-36) -28 (-33) -58 (-50) -1M to -25 -— 
*F (°C) (-73 to -32) 
Boiling Point, 212 (100) 230 (110) = None 300-400 700 (371) 
°F (°C) (at atm. (149-204) 
pressure) 
Fluid Stability Requires pH Requires pH Requires pi Good Good Good 

or inhibitor or inhibitor or inhibitor 

monitoring monitoring monitoring 
Flash Point, a None None 600 (315) 600 (315) 145-300 455 (235) 
*F (°C) (63-149) 
Specific Heat 1.0 0.80 0.85 1, 34-0,48 0.36-0.42 0.46 

(73°F 
[Btu/(1b-*F)] 
Viscosity 0.9 21 5 50-50000 1-100 -- 
(cstk at 77°F) 
Toxicity Depends on Depends on Depends on Low Moderate - 
inhibitor inhibitor inhibitor 
used used used 


4/ These data are extracted from manufacturers literature to illustrate the properties of a few types of 
liquid that have been used as transfer fluids. 


2/ tt is important to identify the conditions ot tests for measuring flash point. Since the manufacturers 
literature does not always specify the test, these values may not be directly comparable. 
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Solar Heating and Hot Water Systems: 
Functional Description 





The basic function of a solar heating and domestic hot water system is the collection e..J conversion 
of solar radiation into usable energy. This is accomplished — in general terms— in the following 
manner, Solar radiation is absorbed by a collector, placed in s as required, with or without the 
use of a t medium, and distributed to point of use. performance of each operation is 
main automatic or manual controls. An iiace, Seeegy seston is usually available for 
operation, both to supplement the output provided by the solar system to provide for the total 
energy demand should the solar system become inoperable. 


The conversion of solar radiation to thermal energy and the use of this energy to meet all or part of 
a dwelling's heating and domestic hot water requirements has been the primary application of solar 
energy in buildings. 


The parts of a solar system — collector, storage, distribution, transport, controls and auxiliary 
energy — may vary widely in design, operation, and performance. They may, in fact, be one and the 
same element (a south-facing masonry wall can be seen as a collector, although a relatively 
inefficient one, which stores and then radiates or "distributes" heat directly to the building interior). 
They may also be arranged in numerous combinations dependent on function, component 
compatibility, climatic conditions, required performance, site characteristics, and architectural 
requirements. 


Of the numerous concepts presently being developed for the collection of solar radiation, the 
relatively simple flat-plate collector has the widest application. It consists first of an absorber 
plate, usually made of metal coated black to increase absorption of the sun's energy. The plate is 
then insulated on its underside and covered with a transparent cover plate to trap heat within the 
collector and reduce convective losses from the absorber. The captured heat is removed from the 
absorber by means of a working fluid, generally air or water. The fluid is heated as it passes through 
ys —_ the absorber plate and then transported to points of use, or to storage, depending on energy 
eman 


The stor of thermal energy is the second item of importance since there will be an energy 
Genand Seite the evening, or on sunless days when solar collection cannot occur. Heat is stored 
when the energy delivered by the sun and captured by the collector exceeds the demand at the point 
of use. The storage element may be as simple as a masonry floor that stores and then re-radiates 
captured heat, or as relatively complex as a latent heat storage. In some cases, it is necessary to 
transfer heat from the collector to storage by means of a heat exchanger (primarily in systems with 
a liquid working fluid). In other cases, transfer is made by direct contact of the working fluid with 


the storage medium (i.e., heated air passing through a rock pile). 


The distribution component receives energy from the collector or storage, and dispenses it at points 
of use. Within a building, heat is usually distributed in the form of warm air or warm water. 


The controls of a solar system perform the sensing, evaluation and response functions required to 
operate the system in the desired mode. For example, if the collector temperature is sufficiently 
higher than storage temperature, the controls can cause the working fluid in storage to circulate in 
the collector and accumulate solar heat. 


An auxiliary energy system provides the supply of energy when stored energy is depleted due to 
severe weather or clouds. The auxiliary system, using conventional fuels such as oil, gas, electricity, 
or wood provides the required heat until solar energy is available again. 


The organization of components into solar heating and domestic hot water systems has led to two 
general characterizations of solar systems: active and passive. The terms active and passive solar 
systems have not yet developed universally accepted meanings. However, each classification 
possesses characteristics that are distinctively different from each other. These differences 
significantly influence solar dwelling and system design. 
i 
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An active solar system can be characterized as one in which an energy resource — in addition to 
solar — is used ie the transfer of thermal energy. This additional energy, generated on or off the 
site, is required for pumps, blowers, or other heat transfer medium moving devices for system 
operation. Generally, the collection, storage, and distribution of thermal energy is achieved by 
moving a transfer medium throughout the system with the assistance of pumping power. 


A passive Solar system, on the other hand, can be characterized as one where solar energy alone is 
or the er of thermal energy. Energy other than solar is not required for pumps, blowers, 
or other heat transfer medium moving devices for system operation. The major component in a 
passive solar system generally utilizes some form of thermal capacitance, where heat is collected, 
stored, and distributed to the building without additional pumping power. Collection, storage, and 
distribution is achieved by natural heat transfer phenomena employing convection, radiation, 
conduction, in conjunction with the use of thermal capacitance as a heat flow control mechanism. 
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Solar ing and Hot Water ems: 
Heating wrth Syst 
A. Solar Heating System 


Solar systems may be designed to operate in a number of different ways depending on function, 
required performance, climatic conditions, component and system design, and architectural re- 
quirements, Usually, however, solar systems are designed to operate in four modes. Ina very basic 
manner, the four modes of solar system operation for both active and passive systems are described 
and illustrated below. 





system 


THERMAL “ASS 
DAMPERS OPEN 


warm air flat-plate 





-G., Warm air passive system 


PASSIVE SOLAR SYSTEM 


ACTIVE SOLAR SYSTEM 


a 


1. HEATING HOUSE FROM COLLECTOR _ Solar radiation captured by the collectors and converted to 
thermal energy can be used to directly heat the house. 
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Z HEATING STORAG. «ROM COLLECTOR If the house does not require heat, the capture! 
icullecte ermal energy can be placed in storage for later use. 
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3.HEATING HOUSE FROM STORAGE Heat from storage can be removed to heat the house when the 
sun is not shining — at night or on consecutive sunless days. 





INSULATION | 
| 





AUXILIARY 
ACTIVE SOLAR SYSTEM 


e.g., same, fluid flat-plate system 


e.9., warm air passive system 





PASSIVE SOLAR SYSTEM 
4. HEATING HOUSE FROM AUXILIARY If heat from the collector and storage is not sufficient to 


totally heat the house, an auxiliary system supplies all or part of the house's heating requirement. 
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B. Domestic Hot Water System 
The solar system may also be designed to preheat water from the incoming water supply prior to 
passage through a conventional water heater. The domestic hot water preheat system can be 
combined with the solar heating system or designed as a separate system. Both situations are 
illustrated below. 








PASSIVE 
THERMOS YPHONING 






AUXILIARY 
WATER 
HEATER 










@.g., warm water flat-plate preheat system 


WATER 
PASSIVE SOLAR SYSTEM peice ACTIVE SOLAR SYSTEM 


1. DOMESTIC _HOT WATER PREHEATING - SEPARATE SYSTEM Domestic hot water preheating 
may é only solar system inclu nm some designs. passive thermosyphoning arrangement is 
shown above. 





AUXILIARY 
WATER 
HEATER 





e.g., warm air flat-plate system with preheat 


PASSIVE SOLAR SYSTEM ACTIVE SOLAR SYSTEM 


2.DOMESTIC HOT WATER PREHEATING - COMBINED SYSTEM Domestic hot water is preheated 


as It passes through heat storage enroute to the conventional water heater. 
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Basics of Solar Utilization 
A.Climate 
Solar radiation, wind, temperature, humidity and many other factors shape the climate of the United 


States. Basic to using solar energy for space heating and domestic hot water heating is 
understanding the relationship of solar radiation, climate and dwelling design. 


The amount and type of solar radiation varies 

between and within climatic regions: from hot- 

dry climates where clear skies enable a large 

percentage of direct radiation to reach the B 
ground, to temperate and humid climates where 

up to 40 percent of the total radiation received ( 

may be diffuse sky radiation, reflected from 
clouds and atmospheric dust, to cool climates 
where snow reflection from the low winter sun 
may result in a greater amount of incident 
radiation than in warmer but cloudier climates. 


TEMPERATE 


As a result of these differences in the amount 
and type of radiation reaching a building site, as 
well as in climate, season and application — 
heating or domestic hot water — the need for 
and the design of solar system components will 
vary in each locale. 





B.Solar Radiation 


The sun provides almost all of the earth's energy in the form of radiation. Solar energy, also known 
as solar radiation reaches the earth's surface in two ways: by direct (parallel) rays, and by diffuse 
(nonparallel) sky radiation. The solar radiation reaching a building includes not only direct and 
diffuse but also radiation reflected from adjacent ground and building surfaces. It is these three 
sources of solar radiation that may be used for space and domestic hot water heating. 





1.THE SOLAR CONSTANT A nearly constant 
amount of solar energy strikes the outer 
atmosphere = 429.2 BTU per square foot per 
hour. This quantity is known as the solar 
constant. A large amount of this energy, 
however, is lost in the earth's atmosphere,and 
eannot be regained regardless of collector 





design. 
| J 2.ABSORPTION AND REFLECTION On the 
average, almost half of the solar radiation 
: reaching the earth's outer atmosphere is lost by 
ar —_\ absorption in the atmosphere and by reflection 
weer from clouds, as it passes through the atmos- 
phere to the earth's surface. The radiation lost 
DIMINISHED BY actually varies between 60% in Seattle, Wash- 
ABSORPTION AND REFLECTION ington to only 30% in Albuquerque, New 
Mexico. 
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S.EARTH'S ATMOSPHERE As already stated, 
the radiation reaching the earth's surface is 
diminished by the condition of the earth's 
atmosphere: its vapor, dust and smoke content. 
At lower sun angles, the length of travel 
through the atmosphere is greatly increased, so 
the relative amount of radiation received is 
further diminished. 





Y LEP faves Ge ar setesis'ets ee 
DIMINISHED BY DISTANCE TRAVELLED 





4,.DIFFUSE RADIATION Clouds and particles in 
e atmosphere not only absorb solar energy, 
but seatter it in all directions. As a result, a 
part of the solar radiation reaching the earth's 
surface is diffused, and received from all parts 
of the sky. Diffuse radiation, as opposed to 
direct radiation, is more predominant on hazy 
days than clear ones. At most, however, diffuse 
radiation can only be about one quarter of the 
solar constant, or about 100 BTU/hr./sq. ft. 








5.DIRECT RADIATION ON A _ HORIZONTAL 
oug’ e amount of radiation 

remains constant, less radiation strikes a given 
horizontal area as the sun gets lower in the sky. 





6.DIRECT SOLAR RADIATION ON A TILTED 

same principle es to a 

tilted surface such as a collector. By tilting the 

collector so that it is nearly perpendicular to 

the sun's ray, more energy strikes its surface, 
undiminished by a cosine factor. 
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THE SOLAR WINDOW Imagine the sky as a 
ransparent dome with its center at the solar 
collector of a house. The path of the sun canbe 
painted (projected) onto the dome, as can b 
the outline of surrounding houses and trees 
The morning and afternoon limits of useful solar 
collection (roughly 9 A.M. and 3 P.M.) and the 
sun's path between those hours throughout the 
year scribes a "solar window" on the dome. 
Almost all of the useful sun that reaches the 
collector must come through this window ex- 
cept for the added effect of diffuse radiation. 
If any of the surrounding houses, trees, etc., 
intrude into this "solar window," the intrusion 
will cast a shadow on the collector. The 
isometric drawing above illustrates the "solar 
window" for a latitude 40° N. The solar window 
will change for different latitudes. 


St 
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SIDE VIEW OF SKY DOME WITH "SOLAR 
side view of the sky e from 
the east illustrates the relative position and 
angle of the sun throughout the year that 
defirfes the boundaries of the "solar window.” 





ANGLE OF INCIDENCE, a term often used in solar collector design, is the angle measured from the 
normal of the collector surface to the line indicating the sun's altitude at a particular time. The 
diagram specifically identifies the angle of incidence for June 21. 





PLAN VIEW OF SKY DOME WITH "SOLAR 

ewed from above the sky dome, 
the seasonal path of the sun can be plotted thus 
defining the boundaries of the "solar window." 
This is easily accomplished by the use of a 
standard sun path diagram for the proper 
latitude, Sun path diagrams are widely 
reproduced and used for determining the 
azimuth and altitude of the sun at any time 
during the year, and give the points which can be 
plotted to determine the solar window. 








N 


PANORAMA OF THE SKY DOME As with the spherical earth, the spherical sky dome with its 

r win can be m using a Mercator projection, in which all latitude and longitude lines 

are straight lines. Such a map is very useful for comparing the site surroundings with the "solar 

window" outline, since both can be easily plotted on the map. Any elements surrounding the site 
that intrude into the "solar window" will cast shadows on the collector. 
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D.Solar Collection and Conversion 


Basie to the utilization of solar energy for space and domestic hot water heating is the process by 
which solar radiation is converted to thermal energy. This conversion process is the basic link 
between the energy supply — the sun — and the energy load — the dwelling. The process is best 
understood by briefly explaining solar radiation and then discussing the characteristics of collection. 





1,S0OLAR ENERGY CONVERSION Solar radia- 


on is electromagnetic radiation generated by 

ULFRAVIOLET —- INFRARED the sun, which reaches the earth's surface with 
VISIBLE a wavelength distribution of .3 to 2.4 micro- 

sania isi meters. Radiation is perceived as visible light 

THERMAL between ultraviolet and infrared, specifically 

ial § RADIATION between .36 and .76 micrometers. For most 


solar applications, solar radiation in the visible 

and near-infrared range is the most important. 
-8 10-6 19-410-2 10 102 104 6 108 
yp cae a wrt The drawings to the left show the principle of 
solar energy collection and conversion. When 
incoming solar radiation impinges on the sur- 
face of a body, it is partially absorbed, partially 
reflected, and, if the body is transparent, 
RE-RADIATION partially transmitted. The relative magnitude 
of each varies with the surface characteristics, 
body geometry, material composition, and 

wavelength. 





For solar applications, energy must be first 
absorbed, then converted into thermal energy 
and, finally removed by a heat transfer mech- 
anism in order to be useful. Absorbed radiation 
heats up the absorbing body, which then re- 
emits energy in the form of thermal radiation in 
INSULATION the infrared (longwave) part of the spectrum. If 
the absorbing surface is exposed to the atmos- 
phere, part of the absorbed energy will be lost 
by convection or radiation. 





2. THE GREENHOUSE EFFECT Most glass and 
some p cs are transparent in the solar 
wavelength region and hence are used as win- 
dows. At the same time, this glazing has low 
transmission in the infrared (longwave) region. 
By placing glass or plastic over the absorber in 
a collector, energy is trapped in two ways: 
first, the infrared radiation emitted by the 
absorbing surface is stopped by the glazing, 
with a portion re-radiated back toward the 
absorber, and thereby trapped. Second, the 
glazing also traps a layer of still air next to the 
absorber and reduces the convective heat loss. 
This behavior of glazing is called the "green- 
house effect" and is used in most solar collec- 

INSULATION tors, 
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E.Coliector Orientation and Tilt 
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Solar collectors must be oriented and tilted within prescribed limits to receive the optimum level of 
solar radiation for system operation and performance. 








m= 


LCOLLECTOR TILT FOR HEALING The op- 
timum collector tilt for heating is usually equal 
to the site latitude plus 10 to 15 degrees. 
Variations of 10 degrees on either side of this 
optimum are acceptable. 





3.COLLECTOR TILT FOR DOMESTIC HOT 
ector or domes- 


€ opt 
tic water heating alone is usually equal to the 
site latitude. Again, variations of 10 degrees on 
either side of the optimum are acceptable. 





2.COLLECTOR TILT FOR HEATING AND 

e optimum collector tilt for 

heating and cooling is usually equal to site 

latitude plus 5 degrees. Variations of 10 degrees 
on either side of the optimum are acceptable. 


REFLECTION 


Seer 


4 MODIFICATION OF OPTIMUM COLLECTOR 
greater gain so radiation col- 
lection sometimes may be achieved by tilting 
the collector away from the optimum in order to 
capture radiation reflected from adjacent 
ground or building surfaces. The corresponding 
reduction of radiation directly striking the 
collector, due to non-optimum tilt, should be 
recognized when considering this option. 


5.SNOWFALL CONSIDERATION The snowfall characteristics of an area may influence the 


approp| 
of the collector, should be avoided. 








Wc ae Ul] 


teness of these optimum collector tilts. Snow buildup on the collector, or drifting in front 





COLLECTOR ORIENTATION A collector or- 
entation o degrees to either side of true 
South is acceptable. However, local climate 
and collector type may influence the choice 
between East or West deviations. 








nn 
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F . Shading of Collector 


Another issue related to both collector orientation and tilt is shading. Solar collectors should be 
located on the building or site so that unwanted shading of the collectors by adjacent structures, 
landscaping or building elements does not occur. In addition, considerations for avoiding shading of 
the collector by other collectors should also be made. Collector shading by elements surrounding the 
site may be addressed by considering the "solar window" concept. 





1, SELF-SHADING OF COLLECTOR Avoiding all shelf-shading for a bank of parallel collectors 

ng use ection hours and 3 PM) results in designing for the lowest angle of incidence 

with large spaces between collectors. It may be desirable therefore to allow some self-shading at 

the end of solar collection hours, in order to increase collector size or to design a closer spacing of 

collectors, thus increasing solar collection area. By making the collector's back slope reflective, one 

could increase the amount of solar radiation striking the adjacent collector, thus negating some of 
the shading loss. 





2SHADING OF COLLECTOR BY BUILDING 
mneys, parapets, fire walls, 
dormers, and other building elements can cast 
shadows on adjacent roof-mounted solar collec- 
tors, as well as on vertical wall collectors. The 
drawing to the right shows a house with a 45° 
south-facing collector at latitude 40° North. 
By mid-afternoon portions of the collector are 
shaded by the chimney, dormer, and the offset 
between the collector on the garage. Careful 
attention to the placement of building elements 
and to floor plan arrangement is required to 
assure that unwanted collector shading does not 
occur. 
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Solar Heating and Hot Water Systems: 

Active Systems 
Active solar systems are characterized by collectors, thermal storage units and transfer media, in an 
assembly which requires additional mechanical energy to convert and transfer the solar energy into 


thermal energy. The following discussion of active solar systems serves as an introduction to a 
range of active concepts which have been constructed. 





HEAT DISTRIBMTION 


E | 





G SPAC 


| 
| 
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A.Heating and Domestic Hot Water 


by supply pressure to the house. 


In common use today is the combined solar heating and domestic hot water system. The system 
operates as follows: solar radiation is absorbed by a collector or series of collectors, and removed to 
storage in the form of thermal energy by a heat transfer medium. The heat is later removed from 
storage and distributed to the living spaces, again by a heat transfer medium, which may or may not 
be the same medium as that flowing through the collector. Circulation throughout the system is 
aided by pumps, blowers, or other medium moving devices. An auxiliary heating system should be 
available both to supplement the output supplied by the solar system and to provide for the total 
energy demand should the solar system become inoperative. Manual or automatic controls monitor 
both the solar and auxiliary system operation. In a solar heating and hot water combined system, the 
domestic water supply is preheated in the heat storage, and then passed through the conventional 
water heater before distribution. 









———J 
1.SOLAR HEATING SYSTEM: PROCESS y RAT ; 
Space heating system alone can a : 

developed by simply removing the domestic hot Pg iy 3 eel | 


water preheating unit from the heat storage. 
The operation of the solar heating system is 
then the same as described above. 


2.SOLAR DOMESTIC HOT WATER SYSTEM: 
PROCESS DIAGRAM 1 The combined system 
diagram can be modified into a domestic hot 
water system alone by eliminating the heating 
distribution and the auxiliary heating unit, and 
also reducing the size of the storage tank. Only 
the domestic water supply would then pass 
through the heat storage, preheating the hot 
water supply, enroute to a conventional water 
heater. 

3.SOLAR DOMESTIC HOT WATER SYSTEM: 
PROCESS DIAGRAM 2 Another method of 
prelieating the domestic hot water involves 
passing the potable water supply itself through a eee 
the collectors. The heated water is stored in 2. i 
the water storage tank until a demand is LZ | 
initiated. An auxiliary heat source is usually Ss 
present to boost the water temperature when 
preheat has been inadequate. The preheated 
water is either pumped from storage, or flows 












AUXILIARY 
WATER HEATER 
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B. Collector - Storage 


The removal of heat from the collector and its placement in heat storage involves the circulation of 
a heat transfer medium in a transport loop. Several collector-storage conditions are shown below. 


1, OPEN CIRCUIT LIQUID COLLECTOR In this 
system, storage water itself, treated as neces- 
sary to prevent corrosion, is drawn from the 
bottom of storage , pumped through the collec- 
tor and then returned to the top of storage. 
The circulating water, which runs through, on 
top of or under the absorber plate, is distributed 
to the absorber by a manifold at the top of the 
collector, or pumped up from below the collec- 
tor through tubes attached to or integral with 
the absorber plate. When the system is not 
running, air is allowed to enter into the collec- 
tor and piping, and the ‘water drains into 
storage. In open circuit collectors, storage is at 
atmospheric pressure, a condition that should be 
considered in the design of the distribution 
system. 








2.CLOSED CIRCUIT LIQUID COLLECTOR In 
S system, a heat transfer liquid — such as 
treated water, anti-freeze solution or another 
liquid —is pumped through the collector and 
then through a heat exchanger in storage and 
back to the collector, in a closed loop. In this 
system of separate transfer and storage medi- 
ums, the storage may be pressurized. The loop 
may remain filled with fluid, and therefore 
must be protected from freezing, or may be 
drained and replaced with pressurized inert gas. 





3.AIR_ COLLECTOR Although many arrange- 
ments of air collector-rock storage and warm- 
air distribution systems are possible, the one 
diagrammed is tyPical of the most popular 
system in use. Air from the cold end of the 
rock storage bin is pumped through the collec- 
tor, gaining heat, and returned to the hot end of 
storage. 


Warm air distribution systems are usually used 
with air collectors to enable direct heating 
from the collector. In this case, the dampers 
must be adjusted to supply heat directly to the 
house, returning air to the collector, thereby 
bypassing storage. (See diagram page C3.) 
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C. Storage-Distribution Diagrams 

Heat is removed from storage and circulated to the house by the distribution component. There are 
numerous ways this storage-distribution function can be performed, and in numerous combinations 
with the preceding collector-storage circuits. Six typical storage-distribution methods are 
diagram med. 





1.WARM AIR DISTRIBUTION - HOT WATER 

warm-air dis on sys~ 

tem can be used with liquid heat storage, by 

pumping the heated storage medium through a 

suitably sized heat exchange coil in the main 
supply duct of the distribution system. 








2.HYDRONIC DISTRIBUTION _ In a hydronic sys- 
em, W. a@ pressur storage, liquid from 
Storage is pumped directly through standard 
baseboard convector units. Because of the 
relatively low temperatures that usually occur 
in solar systems during winter conditions, the 
size of baseboard units, and possibly the piping 
may change from ordinary hydronic systems. 





3, INDIVIDUAL FAN-COIL UNIT DISTRIBUTION 
When storage is not pressurized, in a fan coil 
distribution system (as well as a hydronic 
system), a secondary, heat transfer fluid is 
often circulated in a closed loop to prevent air 
binding. This fluid is pumped through storage to 
individual fan-coil units located throughout the 
dwelling for heat distribution. The design and 
sizing considerations are similar to those for 
ordinary hydronic distribution. 
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LIQUID 
STORAGE) 








4.RADIANT HEAT DISTRIBUTION In a radiant 


5. 


6. 
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eating system, with a non-pressurized storage, 
a secondary heat transfer fluid is circulated in a 
closed loop from heat storage to coils or panels 
located in the floor, walls and or ceiling of the 
living space. Besides the liquid temperature, 
the size and spacing of the coils is critical for 
effective radiant heat distribution. 





WARM AIR DISTRIBUTION FROM ROCK 

or an air-collector system em- 
Ploying rock storage, it is advantageous to 
employ the natural high level of temperature 
stratification in storage and distribute air to 
the living space from the hottest section of 
storage. As diagrammed, this will require 
reversing the flow of air through storage rela- 
tive to the collection cycle. The most common 
method for doing this is diagrammed. Using the 
same fan that supplies the collector along with 
two automatic dampers, the direction of air 
flow is reversed from storage, forcing air in a 
house loop to return, thereby bypassing the 
collector ducts. 





HEAT PUMP ASSISTED DISTRIBUTION Either 

or liquid collector-storage systems can be 
used as the source of thermal energy for a heat 
pump distribution system. As diagrammed, 
liquid from storage is circulated through a heat 
exchanger in the heat pump unit, and heat is 
transferred to the heat pump's working fluid. 
By means of its compression cycle, the heat 
pump further elevates the working fluid tem- 
perature and it functions as the auxiliary heat 
source. This high temperature fluid then 
transfers heat through another exchanger to 
either an air or hydronic distribution system. 
The heat pump may also be used in parallel with 
thermal energy storage to remove heat from 
the outside air when storage is depleted 
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D. Domestic Hot Water Preheating 
Domestic hot water can be preheated either by circulating the potable water supply itself through 
the collector, or by passing the supply line through storage enroute to a conventional water heater. 
Three storage related preheat systems are shown below. 





1.PREHEAT COIL IN STORAGE Water is 
passed through a suitably sized coil placed in 
storage enroute to the conventional water 
heater. Unless the preheat coil has a protective 
double-wall construction, this method can only 
be used for solar systems employing non-toxic 
storage media. 





2.PREHEAT TANK IN STORAGE In this 
system, the domestic hot water preheat tank is 
located within the heat storage. The water 
supply passes through storage to the preheat 
tank where it is heated and stored, and later 
piped to a conventional water heater as needed. 
A protective double-wall construction again 
will be necessary unless a non-toxie storage 
medium is used. 





3. PREHEAT OUTSIDE OF STORAGE In this 
preheat method, the heat transfer liquid in 
storage is pumped through a separate heat 
exchanger to be used for domestic hot water 
preheating. This separate heat exchanger could 
be the conventional water heater itself. How- 
ever, if the liquid from storage is toxic, th> 
required separation of liquids is achieved by the 
use of a double-wall exchanger, as diagrammed, 
in which the water supply simply passes through 
enroute to the conventional water heater. COLD WATER SUPPLY 
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E. Auxiliary Energy Diagrams 


The provision of auxiliary energy to the dwelling is needed when the solar heating system becomes 
inoperative or cannot meet the dwelling's total energy demand. The auxiliary heating component 
may operate independently or in conjunction with the solar storage and distribution systems. The 
control of solar and auxiliary system operation beconres an important consideration for the 
effectiveness of both. Four possible combinations are shown below, 






SUPPLY DUCTS 


4, AUXILIARY HEAT COILS IN AIR 


wo heat ex- 
change colls — one from solar storage and one 
from the auxiliary unit— are located in the 
primary distribution supply duct. Depending on 
the temperature in storage, the auxiliary energy 
system may provide a full or partial tempera- 
ture boost to the supply of air. The need for 
auxiliary energy is determined typically by a 
two contact room thermostat. 


DISTRIBUTION 





3, AUXILIARY HEATING WITH COMBINED 
DISTRIBUTION In this system, the auxiliary 
energy source is located between the storage 
and distribution components. In this way, an 
integrated control component monitors whether 
heat from storage or heat from the auxiliary 
source is in use. Pumps and valves located at 
the connection points between the systems 
regulate the auxiliary energy supply use, and 
prevents the auxiliary from heating storage. 
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2. AUXILIARY WITH SEPARATE DISTRIBUTION 


The auxiliary energy system may be a totally 
separate component not integrated with solar 
storage or distribution. This may involve a 
totally separate distribution network, such as 
individual electric baseboard units placed in the 
dwelling in locations and numbers as required. 
The two separate heating systems, however, are 
linked by temperature controls. 





4, AUXILIARY HEATING WITH AIR COLLEC- 


n this system, the 
auxiliary heat unit is located within the distri- 
bution air ducts downstream from the system's 
fan or blower. In this way, the auxiliary 
subsystem provides an energy boost to the 
heated air coming either: 1) from storage, or 2) 
directly from the collector. The auxiliary unit 
may be a coil in the duct, containing boiler- 
heated water, or an electric resistance element, 
or it may be a furnace. The auxiliary and solar 
system operation is maintained and monitored 
by an integrated control component. 
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Solar Heating and Hot Water Systems: 


Passive Systems 


Passive solar systems are characterized by the use of the sun's energy alone for the transfer of 


thermal energy throughout the system. 


Four passive systems are discussed below — three space 


heating and one domestic hot water preheating system. There are innumerable other concepts, but 
the following will serve as an introduction to passive solar systems. 








3PACE AND BUILDING-SURFACE HEATING 

concept relies on a e transparent 
surface for the southern exposure, to increase 
heat gain directly into the building — thus 
heating the space. To avoid daytime overheat- 
ing, an adequate area and thickness of a 
thermal mass, such as heavy masonry, should be 
used on the floors or walls to absorb heat during 
the day and release it to the space after the sun 
has set. Insulation devices should also be avai!- 
able to regulate daytime solar exposure and to 
minimize nighttime heat loss. 






OPTIONAL 
MOVABLE 


INSULATION 


COMBINED COLLECTOR-STORAGE-DISTRE- 

S passive concept relies on 
the solar exposure of a south facing thermal 
mass (containerized water, masonry or con- 
rete) located behind a transparent surface and 
4 separating air space. The thermal mass acts 
as the collector, storage, and distribution com- 
ponents, Solar radiation collected and stored in 
the thermal mass is distributed to the space by: 
1) radiation, 2) convection, and 3) conduction. 


When collection ceases due to luck of solar 
radiation, it is advantageous to prevent heat 
loss through the transparent surface to the 
outside, by an insulating device. In this exam- 
ple air valves or dampers allow air to circulate 
across the hot face of the storage mass for 
convective heat transfer. 


MOVABLE INSULATION 








RADIATION 


Lig ROOF MASS This concept is similar 
o the previous passive system except that the 
thermal mass — water — is now located in con- 
tainers above the living space. In some cli- 
mates, both heating and cooling can be provided 
by this system. Like the previous concept, 
proper control must be maintained over the 
heat exchange process. This can be accom- 
plished by the use of movable insulating panels 
to expose or cover the containers, or by filling 
and draining them according to heating or 
cooling demand. 


. THERMOSY PHON ING 


COLD WATER 
SUPPLY 
THERMOSYPHONING SYSTEM: DOMESTIC 
S passive con- 
cept utilizes the natural upward movement of 
heated fluids for the collection and storage of 
domestic hot water. The cold water supply is 
pressure fed to the bottom of a storage tank 
located above a solar collector. Exposure of 
the collector to solar radiation allows the cold 
water to circulate by convection — through the 
collector — from bottom to top— and, once 
heated back into storage. The heated water is 
stored in the tank until a demand is initiated; 
then water is drawn off the top and fed directly 
to the dwelling or to a conventional water 
heater, 
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Solar Heating and Hot Water Systems: 

Component Description 

A solar heating and domestic hot water system is composed of numerous individual parts and pieces 
including: collectors; storage; a distribution network with ducts and/or pipes, pumps and/or blowers, 
valves and/or dampers; fixed or movable insulation; a system of manual or automatic controls; and 
possibly heat exchangers, expansion tanks and filters. These parts are assembled in a variety of 
combinations depending on function, component compatibility, climatic conditions, required 
performance, site characteristics and architectural requirements, to form a solar heating and/or 
domestic hot water system. Some components that are unique to the collector system or that are 
used in an unconventional manner are briefly illustrated and discussed in the next few pages. 


A.Fiat-Piate Collectors: An Exploded View 
ie) 


COUPLING 
HOSE 







HEAT TRANSFER 
MEDIUM eg “Y 
“a 
Y 





V/s) The flat-plate collector is common solar 
. Y/ collection device used for space heating and 
ABSORBER PLATE domestic water heating. The collector may be 
designed to use either gas (generally air) or 
t liquid (usually treated water) as the heat trans- 
INSULATION fer medium. Regardless of the medium used, 
most flat-plate collectors consist of the same 
general components, as illustrated below. 


1. BATI&N battens serve to hold down the cover plate(s) and provide a weather tight seal between 


the enclosure and the cover. 

2. COVER PLATE The cover plate usually consists of one or more layers of glass or plastic film or 
combinations thereof. The cover plate is separated from the absorber plate to reduce reradiation 
and to create an air space, which traps heat by reducing convective losses. This space between the 
cover and absorber can be evacuated to further reduce convective losses. 

3. HEAT TRANSFER FLUID PASSAGE Tubes or [ins are attached above, below or integral with an 

sorber plate for the purpose of transferring thermal energy from the absorber plate to a heat 
transfer medium. The largest variation in flat-plate collector design occurs with this component and 
its combination with the absorber plate. Tube on plate, integral tube and sheet, open channel flow, 
corrugated sheets, deformed sheets, extruded sheets and finned tubes are some of the techniques 
used for liquid collectors. Air collectors employ such configurations as gauze or servens, 
overlapping plates, corrugated sheets, and finned plates and tubes. 


4.ABSORBER PLATE Since the absorber plate must have a good thermal bond with the fluid 
passages, an absorber plate integral with the heat transfer media passages is common. The absorber 
plate is usually metullic, and normally treated with a surface coating which improves absorptivity. 
Black or dark paints or selective coatings are used for this purpose. The design of this passage and 
plate combination is of significance in a solar system's effectiveness. 


5, INSULATION Insulation is employed to reduce heat loss throug’) the back of the collector. The 
insulation must be suitable for the high temperature that may occur under no-flow or dry-plate 
conditions, or even normal collection operation. Thermal decomposition and outgassing of the 
insulation must be considered 

6. ENCLOSU:tE The enclosure is a container for all the above components. ‘Ihe assembly is usually 
weatherproot. Preventing dust, wind and water, from coming in contact with the cover plate and 
insulation, is essential to maintaining collector performance. 


eee 


Ss 


c-20 


4930.2 


B.Fiat-Plate Collectors 

A flat-plate collector generally consists of an absorbing plate, often metallic; which may be flat, 
corrugated or grooved; coated black to increase absorption of solar radiation; insulated on its 
backside to minimize heat loss from the plate; and covered with a transparent cover plate to trap 
heat within the collector and reduce cooling of the absorber plate. The captured solar heat is then 
removed from the absorber by means of a working fluid, generally air or treated water, which is 
heated as it passes through or over the absorbing plate. Although there are innumerable variants, 
three types of flat-plate collectors will be discussed here as an introductory classification. 


1.FLUID TUBE AND PLATE COLLECTOR Most 
t-plate collectors in use today employ water, 
oil or an antifreeze solution as the heat transfer 
medium. The liquid is pumped through fluid 
passage ways attached to or integral with the 
absorber plate. There it is solar heated before 
being circulated through storage in either a 
closed or open circuit. Freeze protection and 
prevention of corrosion and leaks require spe- 
cial consideration. 



















2. TRICKLING WATER COLLECTOR This type 
of co or uses corruga metal panels for 
the exposed circulation of the heat transfer 
medium. The transfer medium "trickles" down 
the channels from a manifold or spray distribu- 
tion at the top to a trough to the bottom of the 
collector. The heated water then flows by 
gravity to the storage tank. Because of the 
heat transfer fluid's exposure to the atmosphere 
in this collector, it is always used with the open 
circuit collector-storage system. Therefore, 
when collection is not occurring, the transfer 
medium drains back into storage. Efficient 
operation of this collector is limited to low 
temperatures because of evaporation effects. 


3.FLAT-PLATE AIR COLLECTOR Air collec- 
ors ¢ e or other gases h or over 
the absorber plate, returning heated air through 
the ducts to storage or the living space. Com- 
pared with liquid collectors, leakage, mainten- 
ance, and freeze protection problems are min- 
imal. However, air collectors do require rela- 
tively large ducts for their heat transfer medi- 
um and often require more mechanical transfer 
energy per unit of solar energy delivered. 
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C.High Temperature Collectors 


For heating and cooling systems requiring higher operating temperatures, evacuated tube or 


concentrating collectors are available. Depending 


upon the optical and thermal insulation design, 


the performance of these systems is influenced by the ratio of the diffuse to total available solar 


radiation. 








EVACUATED TUBE COLLECTOR These col- 
ors employ a vacuum t to contain the 
absorber, The vacuum serves to reduce convec- 
tive heat losses allowing higher working tem- 
peratures and efficiencies. The absorber con- 
sists of metal or glass tubes or fins which 
transfers captured thermal energy to the heat 
transfer medium (which may be a liquid or 
gas). The basic modes of heat transfer within 
the collector are analogous to those illustrated 
for flat-plate collection. No insulation is 
required for the tubular collector itself; how- 
ever, the manifold and connecting piping re- 
quire insulation similar to flat-plate units. Both 
direct and diffuse radiation can be collected. 


CONCENTRATING COLLECTORS Con- 
centra’ collectors nown as focussing 
collectors) employ curved and multiple point 
target reflectors to focus radiation on a small 
area. The area where solar radiation is absorb- 
ed can be a point — the focal point — or a line - 
- the focal axis. 


A concentrating collector consists of three 
basie components: the reflector and/or lens, 
the absorber, and the housing which maintains 
alignment and contains insulation for the ab- 
sorber and connecting piping. Often a mechan- 
ism is required to allow the collector/reflector 
or the absorber to follow or track the sun's 
movement across the sky. Maintenance of the 
reflective surface, particularly in dusty or air 
polluted areas, and of the tracking mechanism 
are important considerations for collector per- 
formance, 


Concentrating collectors are usually best 
suited for areas with clear skies where most 
solar radiation is direct. The high temperatures 
generated may make concentrating collectors 
particularly viable with solar cooling systems. 


As with flat-plate collectors, numerous varia- 
tions of concentrating collectors have been 
developed including linear and circular concen- 
trators, lens focussing collectors, collectors 
with directional and non-directional focussing 
and tube concentrators. A number of concen- 
trating configurations are shown to the left. 
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D.Collector Mounting 
Flat-plate collectors are generally mounted on the ground or on a building in a fixed position at 
prescribed angles of solar exposure— angles which vary according to the geographic location, 
collector type, and the use of the absorbed heat. Flat-plate collectors may be mounted in four 
general ways as illustrated below. 


4,.RACK MOUNTING Collectors can be mount- 
a prescribed angle on a structural frame 
located on the ground or attached to the 
building. The structural connection between 
the collector and the frame and the frame and 
the building or site must be adequate to resist 
any impact loads such as wind. 








2STAND-OFF MOUNTING Elements that sep- 
arate the collector from the finished roof 
surface are known as stand-offs. They allow air 
and rain water to pass under the collector 
thus minimizing problems of mildew and leak- 
age. The stand-offs must also have adequate 
structural properties. Stand-offs are often used 
to support collectors at an angle other than that 
of the roof to optimize collector tilt. 






STRUCTURAL 
MEMBER 


3DIRECT MOUNTING Collectors can be 
mounted directly on the roof surface. General- 
ly, the collectors are placed on a water-proof 
membrane on top of the roof sheathing. The 
finished roof surface, together with the neces- 
sary collector structural attachments and 
flashing, are then built up around the collector. 
A weatherproof seal between the collector and 
the roof must be maintained, or leakage, mil- 
dew, and rotting may occur, 


4. INTEGRAL MOUNTING Unlike the previous 
three component collectors which can be ap- 
plied or mounted separately, integral mounting 
places the collector within the roof construc- 
tion itself. Thus, the collector is attached to 
and supported by the structural framing mem- 
bers. In addition, the top of the collector 
serves as the finished roof surface. Weather 
tightness is again crucial to avoid problems of 
water damage and mildew. This method of 
mounting is frequently used for site built 
collectors. 
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E. Multiple Collectors 
In active systems, a building's solar collector area is generally composed of individual collector 
units or panels arranged to operate as a single system. The arrangement and relationship of one 
collector unit to another, sometimes known as collector ganging, is extremely important for 
effective solar collection and efficient system operation. Three basic multiple collector arrays are 


1,.PARALLEL FLOW - DIRECT RETURN A 

rect return distribution circuit c tes the 

transfer medium from the bottom of the col- 

lector to a return header or manifold at the top. 

This arrangement may cause severe operating 

problems by allowing wide temperature varia- 

tions from collector to collector due to flow 

imbalance. Although the pressure drops across 

HEADER each collector are essentially the same and at 

OR MANIFOLD the same flow rate, high pressure drops occur- 

ring along the supply/return header or manifold 

will cause flow imbalance. This problem can be 

reduced by sizing each header for minimum 

pressure drop, although this may be prohibitive 

because of economic and space limitations. 

Even manual balancing valves may be difficult 

to adjust, so automatic devices or orifices 

might be required for efficient system per- 

formance. Provisions must also be made to 

measure the pressure drop in order to adjust the 

flow rate to prevent collectors closer to the 

circulating pump from exceeding design flow 

ae and those farther away from receiving 
ess. 


2.PARALLEL FLOW - REVERSE RETURN Re- 
verse return piping systems are considerec 
preferable to direct return for their ease of 
balancing. Because the total length of supply 
piping and return piping serving each collector 
is the same and the pressure drop across each 
collector is equal, the pressure drop across each 
manifold are also theoretically equal. The ma- 
jor advantage of reverse return piping is that 
balancing is seldom required since flow through 
each collector is the same. Provisions for flow 
balancing may still be required in some reverse 
return piping systems depending on overall size 
of the collector array and type of collector. 


3.SERIES FLOW Series flow is often used in 
mge planar arrays, to reduce the amount of 
piping required, by allowing several collector 
assemblies to be served by the same supply 
return headers or manifolds, Series flow can 
also be employed to increase the output tem- 
perature of the collector system or to allow the 
placement of collectors on non-rectangular 
surfaces. Either direct or reverse return 
distribution circuits can be employed, but unless 
each collector branch has the same number of 
collectors, the reverse return system has no 
advantage over direct return — each would re- 
HEADER OR MANIFOLD quire flow balancing. 
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F.Heat Exchangers 


A heat exchanger is a device for transferring thermal energy from one fluid to another. In some 
solar systems, a heat exchanger may be required between the transfer medium circulated through 
the collector and the storage medium or between the storage and the distribution medium. Three 
types of heat exchangers that are most commonly used for these purposes are illustrated below. 


1,SHELL AND TUBE This type of heat exchang- 
er is used to transfer heat from a circulating 
transfer medium to another medium used in 
storage or in distribution. Shell and tube heat 
exchangers consist of an outer casing or shell 
surrounding a bundle of tubes. The water to be 
heated is normally circulated in the tubes and 
the hot liquid is circulated in the shell. Tubes 
are usually metal such as steel, copper or 
stainless steel. A single shell and tube heat 
exchanger cannot be used for heat transfer 
from a toxic liquid to potable water because 
double separation is not provided and the toxic 
liquid may enter the potable water supply, in 
the case of tube failure. 





2. SHELL AND DOUBLE TUBE This type of heat 
exchanger is simi o the previous one except 
that a secondary chamber is located within the 
shell to surround the potable water tube. The 
heated toxie liquid then circulates inside the 
shell but around this second tube. An interme- 
diary non-toxic heat transfer liquid is then 
located between the two tube circuits. As the 
toxic heat transfer medium circulates through 
the shell, the intermediary liquid is heated, 
which in turn heats the potable water supply 
circulating through the innermost tube. This 
heat exchanger can be equipped with a sight 
glass to detect leaks by a change in color - 





toxic liquid often contains a dye-or by & / ExPANSION CHAMBER INNERMOST 
change in the liquid level in the intermediary  conTaINING INTERMEDIATE ‘— poTABLE WATER 
chamber, which would indicate a failure in ransreR FLUID TUBE 

either the outer shell or intermediary tube 

lining. 





3.DOUBLE WALL Another method of providing 
a separation between the transfer me- 
dium and the potable water supply consists of 
tubing or a plate coil wrapped around and 


bonded to a tank. The potable water is heated HEAT TRANSFER OT WATER 
as it circulates through the coil or through the MEDIUM 

tank. When this method is used, the tubing coil OUTER SHELL 
must be adequately insulated to reduce heat 

losses. 


mableton oe 
ek La ey ce 
mabe fare otnetning. 
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APPENDIX D 
DEFINITIONS 

General: Abbreviations, terms, phrases, and words and their derivatives used in these 
Intermediate Standards for solar application shall have the meanings given in this 
Appendix. The terms defined herein apply only for The Department of Housing and Urban 
Development (HUD) purposes and may differ in some respects from definitions prepared for 
building codes or other purposes. Wherever possible, the meaning in common use in the 
residential construction field is used. 
Active Solar System: An assembly of collectors, thermal storage device(s), and transfer 
liquid which converts solar energy into thermal energy, and in which energy in addition 
to solar is used to accomplish the transfer of thermal energy. 





Air Gap: An air gap in a potable water distribution system is the unobstructed vertical 
distance through the free atmosphere between the lowest opening from any pipe or faucet 
supplying water to a tank, plumbing fixture, or other device and the flood level rim of 
the receptacle. (NSPC)* 


Auxiliary Energy Subsystem: Equipment utilizing energy other than solar both to supplement 
the output provided by the solar energy system as required by the design conditions, and 
to provide full energy backup requirements during periods when the solar H, or DHW systems 
are inoperable. 


Backflow: The unintentional reversal of flow in a potable water distribution system 
which may result in the transport of foreign materials or substances into the other 
branches of the distribution system. (NBS) 


Backflow Preventer: A device or means to prevent backflow. 


Back Pressure: Pressure created by any means in the water distribution system on the 
premises, which by being in excess of the pressure in the water supply main could cause 
backflow. (NBS) 


Back Siphonage: The backflow of possibly contaminated water into the potable water 

supply system as a result of the pressure in the potable water system becoming uninten- 
tionally less than the atmospheric pressure in the plumbing fixtures, pools, tanks, or vats 
that may be connected to the potable water distribution piping. (NBS) 


Chemical Compatibility: The ability of materials and components in contact with each other 
to resist mutual chemical degradation, such as that caused by electrolytic action or 
plasticizer migration. 


Collector, Combined: The collector and storage are constructed and operated such that 
they functionally perform as one unit and the thermal performance of the individual 
components cannot be meaningfully measured. 


Collector, Component: Collector that is not structurally integrated with the storage 
or building. The collector performance can be thermally characterized as an individual 
component with a moving heat transfer fluid. 


Collector Efficiency (instantaneous): The ratio of the amount of energy removed by the 


heat transfer fluid per unit of aperture over a time period of 5 minutes or less to the 
total incident solar radiation on the collector for the same time period under steady 
state conditions (test method details described in ASHRAE 93). 


Collector, Integral (Passive): The collector is constructed and operated as part of the 
building structure and heating system, The thermal performance is considered a part 

of the building heating load and solar energy provides a significant fraction of the 
building heat requirements. 


* Abbreviations in parentheses indicate the sources of the definitions used here. 
(See Appendices E and F) 
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Collector Subsystem: The assembly used for absorbing solar radiation, converting it into 
useful thermal energy, and transferring the thermal energy to a heat transfer fluid. 


onents: An individually distinguishable product that forms part of a more complex 
product G.e., subsystem or system). 


Contaminants rdous): Materials (solids or liquids or gasses) which when added 
unintentionally = intentionally) to the potable water supply cause it to be unfit for 
human or animal consumption. (ASSE 1013) 

Control Subsystem: The assembly of devices and their electrical, pneumatic or hydraulic 


auxiliaries used to regulate the processes of collecting, transporting, storing, and 
utilizing energy in response to the thermal, safety, and health requirements of the build- 


ing occupants. 


Creep: A time-dependent deformation resulting from sustained loads which can be influenced 
by local environmental factors such as, thermal atmosphere and/or cycling, and solar 
radiation. 


Cross Connection: Any physical connection or arrangement between two otherwise separate 
piping systems, one of which contains potable water and the other either water of unknown 
or questionable safety or steam, gas, chemicals, or other substances whereby there may be 
a flow from one system to the other, the direction of flow depending on the pressure 
differential between the two systems. 


Design Life: The period of time during which an H, and DHW system is expected to perform 
its intended function without requiring major maintenance or replacement. 


DHW: Domestic hot water system. 
DWV: Drein, Waste, Vent. 


Emittance: The ratio of the radiant energy emitted by a body to the energy emitted 
by a black body at the same temperature, 


Energy Transport Subsystem: That portion of the H, and DHW systems which contains heat 
transfer fluids and transports energy throughout the system. 


Failure (structural): Failure of a structure or any structural element is defined as one 
of the following: 


(a) Sudden, locally-increased curvature, major spalling, or structural collapse. 
(b) The inability of the structure to resist a further increase in load. 


(c) Structural deflections under design loads that cause significant performance degrada- 
tion of the component or subsystem. 


Flow Condition: The condition obtained when the heat transfer fluid is flowing through 
the collector array under normal operating conditions. 


Hy Heating system. 
Heat Capacity: The amount of heat necessary to raise the temperature of a given mass 
one degree. 


Heat Transfer Medium: A medium, liquid, or air or solid, which is used to transport thermal 
energy. 


Laminated Glass: Consists of two or more sheets of glass held together by an intervening 
layer or layers of plastic material. 
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MAP: Manual of acceptable Practices. A HUD Document providing information and guidance 
to assist in the use of the MPS. 


ee "Flow" oe The maximum temperature that will be obtained in a component 
when the t transfer fluid is not flowing through the system. 

Maximum Service Temperature: The maximum temperature to which a component will be exposed 
in actual service, either with or without the flow of heat transfer fluid. 


Minimum Service Temperature: The minimum temperature to which a component will be exposed 
in actual service, either with or without the flow of heat transfer fluid. 


MPS 4900.1: FHA "Minimum Property Standards For One and Two Family Dwellings.” 
MPS 4910.1: FHA "Minimum Property Standards For Multifamily Housing." 


“"No-Flow" Condition: That condition obtained when the heat transfer fluid is not flowing 
through the collector array due to shut-down or malfunction and the collector is exposed 
to the amount of solar radiation that it would receive under normal operating conditions. 


Non-Potable Water: Water containing impurities in amounts sufficient to cause disease or 
harmful physiological effects and not conforming in its bacteriological and chemical quality 
to the requirements of the Public Health Service Drinking Water Standards or the regulations 
of the public health authority having jurisdiction. 


Outgassing: The emission of gases by materials and components usually during exposure to 
elevated temperature or reduced pressure. 


Passive Solar System: An assembly of natural and architectural components including col- 
lectors, thermal storage device(s) and tranfer fluid which converts solar energy into 
thermal energy in a controlled manner and in which no fans or pumps are used to accomplish 
the transfer of thermal energy. The prime elements in a passive solar system are usually 
some form of thermal capacitance and solar energy control. 


Pitting: The process by which localized mater{al loss is caused in materials or components 
by erosion or chemical decomposition. 


Physical Compatibility: The ability of materials and components in contact with each other 
to resist degradation by physical actions such as differential thermal expansion. 


Plasticizer migration: The process by which plasticizers used in plastics migrate within 
the specimen and either concentrate in a narrow boundary area or migrate to another material 


in connection with the specimen, 


Potable Water: Water free from impurities present in amounts sufficient to cause disease 
or harmful physiological effects and conforming in its bacteriological and chemical quality 
to the requirements of the Public Health Service Drinking Water Standards or the regulations 
of the public health authority having jurisdiction. 


Pphm: Parts per hundred million, 
Premature Failure: Failure that occurs before the design lifetime. 


Safety Glass: Glazing materials predominately inorganic in character which meet the appro- 
— Hp emma of the ANSI Standard and includes laminated glass, tempered glass and 
wired glass. 


Safety Glaz Materials: Glazing materials so constructed, treated or combined with other 
materials as to minimize the likelihood of cutting and piercing injuries resulting from 
human contact with these glazing materials. 


Significant (Deterioration Loss, etc,): Deterioration that either results in a decrease 


in performance greater than that allowed for in the design or in the creation of a hazard. 
Solar Absorptance: The ratio of the amount of solar radiation absorbed by a surface to the 


amount of radiation incident on it (for terrestrial applications usually calculated for 
Air Mass 2 characteristics). 
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Solar Building: A building which utilizes solar energy by means of an active or passive 
solar system. 


Solar Degradation: The process by which exposure to sunlight deteriorates the properties 
of materials and components. 


Solar Energy: The photon energy originating from the sun's radiation in the wavelength 
region from 0.3 to 2.7 micrometers. 


Solar Heating System: The complete assembly of subsystems and components necessary to 
convert solar energy into thermal energy for heating purposes in combination with aux- 
iliary energy when required. 


Solar Time: The hours of the day as reckoned by the apparent position of the sun. Solar 
noon is that instant on any day at which time the sun reaches its maximum altitude for 
that day. Solar time is very rarely the same as local standard time in any locality. 


Storage Subsystem: The assembly used for storing thermal energy so that it can be used 
when required. 


Subsystem: A major, separable, functional assembly of a system such as complete collector, 
or storage, assembly, etc. 


System: The complete assembly necessary to supply heat and/or domestic hot water to the 
dwelling. 


Thermal Energy: Heat possessed by a material resulting from the motion of molecules 
which can do work. 


TLV, Threshold Limit Jalues: Threshold limit values refer to airborne concentrations of 
substances and represent conditions under which it is believed that nearly all workers 
may be repeatedly exposed day after day without adverse effect. Threshold limit values 
refer to time-weighted concentrations for a 7 or 8-hour workday and 40-hour workweek. 


Toxic Fluids: Geses or liquids which are poisonous, irritating and/or suffocating, as 
classified in the Hazardous Substances Act, Code of Federal Regulations, Title 16, 
Part 1500. 


Transmittance: The ratio of the radiant flux transmitted through and emerging from a 
body to the totai flux incident on it. 


UV: Ultra-violet radiation, that part of the terrestrial solar spectrum between 0.3 and 
0.4 micrometers. 


Water Hammer: The i: erm used tu identify the hammering noises and severe shocks that may 
occur in pressurized water supply systems when flow is halted abruptly by the rapid 
closure of a valve or faucet (NBS). 


Water Hammer Arrester; A manufactured device, other than an air chamber, containing a 
permanently sealed cushion of gas or air designed to provide protection against excessive 
shock pressure wichout maintenance. 


97 1/2% Winter Design Temperature: The outdoor air temperature will be lower than the 


stated values for not more than 65 hours per year (2 1/2% of the 2,160 hours in December, 
January and February). 
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APPENDIX E 
REFERENCED STANDARDS 


AASHTO H20-44 Standard Specification for Highway Bridges 
ANSI Al13.1 (1956) Scheme for the Identification of Piping Systemr 


ANSI A58.1 (1972) Building Code Requirements for Minimum Design Loads 
in Buildings and Other Structures 


ANSI Al12.1.1 (1971) Performance Requirements, Methods of Test for 
(ASSE 1001-1970) Pipe-Applied Atmospheric-Type Anti-Siphon Vacuum Breakers 


ANSI All2.1.2 Air Gaps in Plumbing Systems (Reaffirmation and re/‘esignation of 
A40,4-1942) 


ANSI B9.1 (1971) Safety Code for Mechanical Refrigeration 

ANSI B15.1 (1972) Safety Standard for Mechanical Power Transmission Apparatus 
ANSI B16.18 (1972) Cast Bronze Solder Joint Pressure Fittings 

ANSI B31.1, Section I (1973) Power Piping 


ANSI B96.1 (1973) Specification for Welded Aluminum-Alloy Field-frected 
Storage Tanks 
ANSI B124.1 (1971) Safety Standard for Air Filter Units (UL 990-April 1971) 


ANSI B137.1 (1971) Steel Underground Tanks for Flammable and Combustible 
Liquids (UL 58-July 1971) 


ANSI B191.1 (1976) Standard for Heat Pumps (UL 559) 
ANSI S2.8 (1972) Guide for Describing the Characteristics of Resilient Mountings 
ANSI 295.1 (1974) Oil Burning Equipment (NFPA 31-1972) 


ANSI 297.1 (1975) Performance Specifications and Methods of Test for 
Safety Glazing Material Used in Buildings 


ARI Standard 240 (1975) Standard for Unitary Heat Pump Equipment 


ARI Standard 260 (1967) Standard for Application, Installation, and 
Servicing of Unitary Systems 


ARI Standard 410 Forced Circulation Air-Cooling and /ir-Neating Coils 


ARI Standard 760 (1975) Standard for Solenoid Valve for Use wit! 
Volatile Refrigerants and Water 


ASHRAE 37-69 Method of Testing for Unitary Air Conditioning and Heat 
Pump Equipment 


ASHRAE 55-74 (1974) Thermal Environmental Conditions for Human Occupancy 
ASHRAE 90-75 (1975) Energy Conservation in New Building Design 
ASHRAE 93-77 (1977) Methods of Testing Solar Collectors Based on Thermal Performance 


ASHRAE 94-77 (1977) Method of Testing Thermal Storage Devices Based on Thermal 
Performance 
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ASHRAE Handbook of Fundamentals 
ASME SA-53, Section VIII Boiler and Pressure Vessel Code 


ASSE 1011 Performance Requirements for Hose Connection Vacuum Breakers 


ASSE 1012 Performance Requirements for Backflow Preventers with Intermediate 
Atomospheric Vent 


ASSE 1013 Performance Requirements for Reduced Pressure Principle Back 
Pressure Backflow Preventers 


ASSE 1015 Performance Requirements for Double Check Valve Type Back Pressure 
Backflow Preventers 


ASSE 1020 Performance Requirements for Vacuum Breakers, Anti-Siphon, Pressure 
Type 

ASTM A53-75 Specification for Welded and Seamless Steel Pipe 

ASTM C739-73, Section 10.4 (1973) Flame Resistance Permanency 

ASTM D471-75 Test for Rubber Property - Effect of Liquids 


ASTM D660-44 (1970) Evaluating Degree of Resistance to Checking of 
Exterior Paints 


ASTM D661-44 (1975) Evaluating Degree of Resistance to Cracking of Exterior 
Paints 


ASTM D714-56 (1974) Evaluating Degree of Blistering of Paints 


ASTM D750-68 (1974) Recommended Practice for Operating Light-and-Weather 
Exposure Apparatus (Carbon-Arc Type) for Artificial Weather Testing of 


Rubber Compounds 
ASTM D772-47 (1975) Evaluating Degree of Flaking (Scaling) of Exterior Paint 
ASTM D822-60 (1973) Recommended Practice for Operating Light-and-Water-Exposure 
Apparatus (Carbon-Arc Type) for Testing Paint, Varnish, Lacquer, and 
Related Products 


ASTM D1081-60 (1974) Test for Evaluating Pressure Sealing Properties of 
Rubber and Rubber-Like Materials 


ASTM D1149-64 (1970) Test for Accelerated Ozone Cracking of Vulcanized Rubber 


ASTM D1308-57 (1973) Test for Effect of Household Chemical on Clear and 
Pigmented Organic Finishes 


ASTM D1384-70 Corrosion Test for Engine Antifreeze in Glassware 


ASTM D2247-68 (1973) Testing Coated Metal Specimens at 100 Percent Relative 
Humidity 


ASTM D2570-73 Simulated Service Corrosion Testing of Engine Antifreeze 


ASTM D2776-72 Tests for Corrosivity of Water in the Absence of Heat Transfer 
(Electrical Methods) 


ASTM E72-74a Conducting Strength Tests of Panels for Building Construction 
ASTM E84-70 (1970) Surface Burning Characteristics of Building Materials 
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ASTM E108-75 (1975) Methods of Fire Tests of Roof Coverings (NFPA 256-1970) 


ASTM E154-68 Testing Materials for Use as Vapor Barriers Under Concrete 
Slabs and as Ground Cover in Crawl Spaces 


ASTM E424-71 Test for Solar Energy Transmittance and Reflectance (Terrestrial) 
of Sheet Materials 


ASTM F146-72 Test for Fluid Resistance of Gasket Materials 


ASTM G1-72 Recommended Practice for Preparing, Cleaning, and Evaluating 
Corrosion Test Specimens 


ASTM G16-71 Recommended Practice for Applying Statistics to Analysis of 
Corrosion Data 


ASTM G46-76 Recommended Practice for Examination and Evaluation of 
Pitting Corrosion 


AWWA C203-73 Standard for Coal-Tar Protective Coatings and Linings for 
Steel Water Pipelines 


AWWA C506-69 Backflow Prevention Devices-Reduced Pressure Principle and 
Double Check Valve Types 


AWWA D100 (1967) Steel Tanks - Standpipes, Reservoirs and Elevated Tanks 
for Water Storage 


AWWA D102 Painting and Repainting Steel Tanks, Standpipes, Reservoirs, and 
Elevated Tanks for Water Storage 


BMC, Section M302 (1975) Specific Requirements for the Materials, Design, 
and Fabrication of Ductwork 


CPSC 16 CFR, Part 1201 (1976) Architectural Glazing (Code of Federal 
Regulation) 
Federal Hazardous Substances Act, Code of Federal Regulations, Title 16, Part 1500 


FCCCHR, Chapter 10 Manual of Cross-Connection Control (Foundation for Cross 
Connection Control Research) 


FS-DD-G-451C (1972) Glass, Plate, Sheet, Figured (Float, Flat, for Glazing, 
Corrugated, Mirrors and Other Uses) 


FS-TT-C-00598C(1) Caulking Compound, Oil and Resin Base Type (For Building 
Construction) (18 March 1971) 


FS-TT-S-001543A Sealing Compound: Silicone Rubber Base (For Caulking, 
Sealing, and Glazing in Buildings and Other Structures) (9 June 1971) 


FS-TT-S-001657 Sealing Compound: Single Component, Butyl Rubber Based, 
Solvent Release Type (for Buildings and Other Types of Construction) 
(8 October 1970) 


FS-TT-S-00227E(3) Sealing Compound Elastomeric Type, Multi-compound (For 
Caulking, Sealing and Glazing in Buildings and Other Structures) 
(9 October 1970) 


FS-TT-S-00230C(2) Sealing Compound: Elastomeric Type, Single Component 


(For Caulking, Sealing and Glazing in Buildings and Other Structures) 
(9 October 1970) 
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FS-TT-P-95A(3) Paint, Rubber: For Swimming Pools and Other Concrete and 
Masonry Surfaces, 27 May 1966 


FS-WW-U-516B Unions, Brass or Bronze, Threaded Pipe Connections and Solder- 
Joint Tube Connections 


FS-WW-U-531D Unions, Pipe, Steel or Malleable Iron; Threaded Connection, 
150 lbs. and 250 lbs. 


FS-WW-V-35B (1973) Valve, Ball 
IAPMO PS 31-74 Specification for Backflow Prevention Devices 
IAPMO PSI Prefabricated Concrete Septic Tanks (1966) 


NACE TM-01-69 (1972) Laboratory Corrosion Testing of Metals for the Process 
Industries 


NACE TM-02-70 Method of Conducting Controlled Velocity Laboratory Corrosion 
Tests 


NACE TM-01-71 Autoclave Corrosion Testing of Metals in High Temperature Water 
NACE TM-02-74 Dynamic Corrosion Testing of Metals in High Temperature 
National Primary Drinking Water Regulation - Federal Register, 24 December 1975 
NFPA 30 (1973) Flammable and Combustible Liquids Code 

NFPA 31 (1974) Standard for the Installation of Oil Burning Equipment 

NFPA 54 (1974) National Fuel Gas Code 

NFPA 70 (1976) Section 240.24, National Electrical Code 

NFPA 89M (1971) Clearances for Heat Producing Appliances 


NFPA 90A (1976) Standard for the Installation of Air Conditioning and Ventilating 
Systems 


NFPA 90B (1973) Standard for the Installation of Warm Air Heating and Air 
Conditioning Systems 


NFPA 211 (1972) Standard for Chimneys, Fireplaces, and Vents 

NFPA 321 (1973) Basic Classification of Flammable and Combustible Liquids 
NFO 8 National Forest Products Association, The Wood Tank 

NRCA ~ A Manual of Roofing Practice 1970 (71) 

NSPC, Section 2.13 Ratproofing 


MIL-T-52777 21 February 1974 Military Specifications for Tanks: 
Storage, Underground, Glass Fiber Reinforced Plastic 


MSS SP-73 Silver Brazing Joints for Cast and Wrought Solder Joint Fittings 


SAE J447e(1964) Prevention of Corrosion of Metals 
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SAE J20e(1974) Coolant System Hoses 

Threshold Limit Values for Chemical Substances and Physical Agents in the Work- 
room Environment with Intended Changes, 1975 - American Conference of Govern- 
mental Industrial Hygienists 


UL 58 (1973) Standard for Steel Underground Tanks for Flammable and Combustible 
Liquids (ANSI B137.1-1971) 


UL 174 (1972) Standard for Household Electric Storage-Tank Water Heaters (ANSI 
C33.87-1972) 


UL 181-74, Section 10 Factory-Made Air Duct Materials and Air Duct Connectors 
UL 296 (1974) Standard for Oil Burners 

UL 573 (1972) Standard for Electric Space-Heating Equipment (ANSI C33 12-1972) 
UL 726 (1973) Standard for 0il-Fired Boiler Assemblies 

UL 727 (1973) Standard for 0il-Fired Central Furnaces (ANSI Z96.1-1973) 

UL 730 (1974) Standard for Oil-Fired Wall Furnaces 

UL 732 (1974) Standard for 0il-Fired Water Heaters 

UL 900 (1971) Safety Standard for Air Filter Units (ANSI B124.1-1977 


UL 1042 (1973) Standard for Electric Baseboard Heating Equipment (A [ C33.95- 
1973) 


Water Quality Criteria 1972, National Academy of Science and Nation 1 Academy 
of Engineering 
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APPENDIX F 
ABBREVIATIONS 


(Code Groups, Associations, and Gov't Agencies) 
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American Association of State Highway and Transportation Officials 


American Gas Association 

Air Moving and Conditioning Association, Inc. 
American National Standards Institute 
Air-Conditioning and Refrigeration Institute 


American Society of Heating, Refrigerating, and Air Conditioning 


Engineers 
American Society of Mechanical Engineers 
American Society of Sanitary Engineering 
American Society for Testing and Materials 
American Water Works Association, Inc. 
Basic Mechanical Code (Division of BOCA) 


Building Officials and Code Administrators International, Inc. 


Cast Iron Soil Pipe Institute 
Consumer Product Safety Commission 
Commercial Standard 


Foundation for Cross-Connection Control and Hydraulic Research 


Federal Specifications 
Department of Housing and Urban Development 
Home Ventilating Institute 


International Association of Plumbing and Mechanical Officials 


Institute of Boiler and Radiator Manufacturers (Now Hydronic Inst.) 


International Conference of Building Officials 

International Electrotechnical Commission 

International Standards Organization 

Mechanical Contractor's Association 

Manufacturer's Standardization Society of the Valve and 
Fitting Industry 

National Association of Corrosion Engineers 

National Academy of Science/National Research Council 

National Bureau of Standards 

National Electrical Manufacturer's Association 

National Environmental Systems Contractors Association 

National Forest Products Association 

National Fire Protection Association 

National Roofing Contractor's Association 

National Sanitation Foundation Testing Laboratory, Inc. 

National Standard Plumbing Code 

Public Law 

Society for Automotive Engineers 

Steel Boiler Institute (Now Hydronic Institute) 

Sheet Metal and Air Conditioning Contractors National 
Association, Inc. 

Sump Pump Manufacturer's Association 

Tubular Exchanger Manufacturer's Association, Inc. 

Uniform Building Code 

Uniform Plumbing Code 

Unfiorm Mechanical Code 

Underwriter's Laboratories, Inc. 
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